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NOTICE 
This r e p o r t  was prepared as an account o f  work sponsored by t h e  Uni ted 
States Government. Ne i the r  t he  Un i ted  States nor  t he  Un i ted  States 
Energy Research and Development Admin is t ra t ion ,  nor  any o f  t h e i r  
employees, nor  any o f  t h e i r  cont rac tors ,  subcontractors, o r  t h e i r  em- 
ployees, makes any warranty, express o r  impl ied,  o r  assumes any l ega l  
l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t he  accuracy, completeness, o r  usefulness 
o f  any in fo rmat ion ,  apparatus, product o r  process d i sc losed  o r  represents 
t h a t  i t s  use would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  

ABSTRACT 
This repor t  contains d e t a i l s  o f  design p r inc ip les  and i n s t a l l a t i o n  
of  the so lar  and windpowered heat ing systems i n s t a l l e d  i n  UMass Solar  
Hab i ta t  I. Included a r e  a  complete spec i f i ca t ion  o f  mater ia ls  and 
operating inst ruct ions  . A sumnary o f  po ten t ia l  modif icat ions and improve- 
ments to  the system i s  a1 so included. 
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C H A P T E R  I 
BACKGROUND 
I n t r o d u c t i o n  
The New England Wind Furnace (NEWF) Pro jec t  was begun a t  the  
U n i v e r s i t y  o f  Massachusetts a t  Amherst i n  January 1972. The p r o j e c t ' s  
goal was t o  heat a  home us ing e l e c t r i c i t y  generated by a  nearby wind- 
m i l l .  I n  1975 Federal funding was received which permi t ted  expansion 
o f  t he  research s t a f f  and scope o f  the p r o j e c t .  
P r i o r  t o  t h i s  work, Professor C u r t i s  Johnson o f  the UMass Agr i -  
c u l t u r a l  Engineering Department began the  design and cons t ruc t i on  o f  a  
s i n g l e  s to ry ,  s i x  room house under a  Hatch Act g rant  from the U.S. 
Department of Ag r i cu l tu re .  This house was t o  be we l l  insu la ted,  unusual ly  
durable and designed t o  permi t  disassembly by sect ions and reassembly 
a t  a  new s i t e .  
This r e p o r t  describes the  design and i n s t a l l a t i o n  o f  thermal 
systems and a l l  thermal components. I n  t h i s  chapter a  b r i e f  d iscussion 
of  the  development of  the  o r i g i n a l  p ro jec ts  and t h e i r  e v o l u t i o n  as a  
j o i n t  e f f o r t  w i l l  be presented. 
Solar  Hab i ta t  One 
The Hab i ta t ,  as o r i g i n a l l y  envisioned, was t o  be a  s i n g l e  s to ry  
one f a m i l y  home w i t h  no basement. Some o f  i t s  main ob jec t i ves  were' :  
1 )  Low heat ing  costs - The b u i l d i n g  would be more h e a v i l y  
i nsu la ted  than i s  now customary i n  home cons t ruc t i on .  
2) Reduced const ruc t ion costs - The basic s t ruc tu re  would 
cons is t  o f  a r e l a t i v e l y  small number o f  standardized par ts  
capable o f  mass production; e.g. the f l o o r  would be constructed 
o f  f o r t y -e i gh t  i d e n t i c a l  4 f t  x 8 f t  x 8 i n  pre fabr ica ted 
sect ions. 
3) Recyc lab i l i t y  o f  mater ia ls  and labor  - Prefabr icated sect ions 
would be fastened t o  support members us ing bo l t s .  This would 
permit  eas ier  disassembly and more e f f i c i e n t  recovery o f  mater ia ls  
than i s  now possib le.  
4 )  T ranspor tab i l i t y  - The widest  pre fabr ica ted sect ions would 
be 4 ft x 8 ft, e a s i l y  grouped together and shipped by t ruck,  
t r a i n  o r  barge. 
5 )  Heat recovery by incoming v e n t i l a t i o n  a i r  - The windows would 
from v e r t i c a l  channels through which incoming a i r  would flow, 
p i c k i ng  up heat being passed ou t  through the glass. A s i m i l a r  
heat exchanger was contemplated using the e n t i r e  wa l l .  The f i n a l  
f l o o r  p lan o f  Solar Hab i ta t  One i s  shown i n  Figure 1. 
As o r i g i n a l l y  designed, the heat ing system o f  Solar  Hab i ta t  One 
consisted of a 60,000 BTUIhr LP-Gas-fired forced ho t  a i r  furnace. The 
crawl space under the f l o o r  o f  the one-story bu i l d i ng  was t o  be 
sealed o f f  from the outside. Hot a i r  from the furnace would be fed  t o  
t h i s  crawl space ( o r  plenum chamber). A 112 i n  s l o t  around the perimeter 
o f  the l i v i n g  area was intended t o  d i s t r i b u t e  the  heated a i r  throughout 
the hab i ta t .  
This house was t o  be constructed using 2 i n  x 8 i n  beams se t  
8 ft a p a r t  as a primary j o i s t .  A secondary j o i s t  o f  pa i red 2 i n  x 0 i n  
F i g u r e  1  - Main F l o o r  P lan o f  S o l a r  H a b i t a t  One 
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beams enclosed i n  4 f t  x 8 ft sheets of plywood would form the  main f l o o r .  
The open areas between the  upper and lower sheets o f  plywood would be 
f i l l e d  w i t h  f i b e r g l a s  i n s u l a t i o n .  The r o o f  and w a l l s  were o f  s i m i l a r  
const ruc t ion .  The o v e r a l l  dimensions o f  the  house were 32 f t  x 48 ft. 
Using t h e  Department o f  A g r i c u l t u r e  grant  p rev ious l y  mentioned, 
Professor Johnson and h i s  ass i s tan ts  p re fab r i ca ted  t h e  bas ic  house 
s t r u c t u r e  before the  o v e r a l l  p r o j e c t  s ta r ted .  
The New England Wind Furnace P r o j e c t  
The basic concept behind the  NEWF p r o j e c t Z  was t h a t  a l a r g e  p o r t i o n  
o f  t he  energy requ i red  t o  heat a home could be provided by a 20 t o  40 
kW wind tu rb ine  generator (WTG) placed 80 f t  above ground. 
The b/TG would have th ree blades and an o v e r a l l  b lade 
dianieter of 32.5 ft, blade p i t c h  con t ro l ,  and a s ta r t -up  wind speed o f  
about 5 mph. The f i r s t  model would reach ra ted  power a t  a wind speed 
o f  26.1 ~nph. 
Several methods o f  d e l i v e r i n g  the  generator 's  energy output  t o  
the  home were considered. Means o f  d i r e c t l y  connect ing the generator 
t o  e l e c t r i c  baseboard convectors o r  t o  e l e c t r i c  water heaters i n  storage 
tanks were both designed i n t o  the  heat ing  system. I n  t h i s  second case 
heated water from the tank would be pumped through water baseboard con- 
vectors.  La te r  models were t o  inc lude a heat  pump and/or mechanical churn 
and s o l a r  c o l l e c t o r s .  A domestic ho t  water preheat ing op t ion  was planned 
t o  permi t  use o f  t he  WTG and/or s o l a r  c o l l e c t o r  ou tpu t  du r ing  summer 
months. 
The s i z e  and co111p1 ex i t y  o t the W i  rid Furnace P r o j e c t  and the  
breadth o f  expe r t i se  i t  denlanded 111ade a  l a r g e  p r o j e c t  team and d e t a i l e d  
o rgan iza t i on  essen t i a l .  Professor W i l l i a m  E. Heronemus, t he  o r i g i n a t o r  
and P r i n c i p a l  I n v e s t i g a t o r  o f  t h i s  p r o j e c t ,  s e t  up an a d m i n i s t r a t i v e  
s t r u c t u r e  as shown i n  F igure  2. B r i e f l y ,  t h e  emphasis o f  each group 
was as fo l l ows :  
00) P r o j e c t  Management and System I n t e g r a t i o n  - Coordinate work 
i n  progress and fu tu re  p lann ing  between groups. Submit a l l  
repor ts ,  budgets and a d m i n i s t r a t i v e  work requ i red  o f  t h e  
p r o j e c t .  
01) Support S t ruc tures  - Design and i n s t a l l  the  support  
s t ruc tu res  f o r  t he  WTG. 
02) Momentum Exchange Devices - Conduct dynamic and aerodynamic 
analyses as requ i  red, design and i n s t a l  1  windmi 11 blades , 
gearing, power shafts,  brakes, e t c .  
03) E l e c t r i c a l  Systems, Sensors and Cont ro ls  - Reponsi b l e  f o r  
generator,  l o a d  c o n t r o l l e r  and p i t c h  c o n t r o l l e r  research, 
design and i n s t a l l a t i o n .  
04) Thermal and So la r  Components and Systems - Set  up computer 
s imu la t i on  of a l l  p rospect ive  systems. Design, purchase 
m a t e r i a l s  f o r  and i n s t a l  1  each system. C o l l e c t  environmental 
data a t  b u i l d i n g  s i t e .  
05) Manufactur ing Engineering - Analyze system i n s t a l  1  a t i o n  
problems and the  methods and t o o l s  requ i red  t o  s e t  up NEWFS 
i n  a  number o f  t y p i c a l  r e s i d e n t i a l  s i t u a t i o n s .  
THE NEW ENGLAND 
WIND FURNACE SYSTEM 
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SENSORS d CONTROLS 
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06) Commerical and F inanc ia l  - Examine the  market p o t e n t i a l ,  
f i nanc ing  methods and compet i t i ve  aspects o f  a  NEWF 
indus t ry .  
This organ iza t ion  was expanded and rev ised as needed du r ing  the  progress 
o f  t he  p ro jec t .  Also, as w i l l  be discussed, t h i s  r e p o r t  w i l l  con- 
cen t ra te  on the  04 group, Thermal and So lar  Corr~ponents and Systems. 
The Corr~bi ned E f f o r t  
I n  the  s p r i n g  o f  1975 the  NEWF p r o j e c t  group began working w i t h  
Professor Johnson t o  i n t e g r a t e  an a l t e r n a t i v e  heat ing  system i n t o  
Solar  H a b i t a t  One. Since t h a t  time, a  general design f o r  t he  house 
and i t s  heat ing  system was developed. The ogran iza t iona l  s t r u c t u r e  o f  
t h e  j o i n t  e f f o r t  was d e t a i l e d  and f i n a l i z e d  as shown i n  Figure 3. 
I t  soon became apparent t h a t  t h e  Hab i ta t  design would have t o  
be modi f ied  t o  i nc lude  a  basement due t o  the  need f o r  l a r g e  water thermal 
energy storage tanks and extensive labora tory  f a c i l i t i e s  a t  t h e  b u i l d i n g  
l o c a t i o n .  The basement l abo ra to ry  f l o o r  p lan  and s i t e  p lan  are  shown 
i n  Figures 4 and 5 respec t i ve l y .  With t h e  except ion o f  t he  heat ing  
systems, t h e  need f o r  m o d i f i c a t i o n  o f  t he  Hab i ta t  b u i l d i n g  was r e l a t i v e l y  
smal l .  
The b u i l d i n g  was o r i g i n a l l y  intended f o r  l o c a t i o n  a t  a  UMass 
f a c i l i t y  some distance from t h e  main campus. To f a c i l i t i a t e  p u b l i c  
access and t o  have b e t t e r  wind cond i t ions ,  t h e  b u i l d i n g  s i t e  was changed 
t o  Orchard H i l l  on the  U n i v e r s i t y  of Massachusetts Campus. 
4 
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Figure 4 - UMass Solar Habitat One - Foundation 
and Basement Laboratory 
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A t  present the  foundation, b u i l d i n g  and i n t e r i o r  a re  e s s e n t i a l l y  
f in ished.  The s o l a r  c o l l e c t o r  loops and water baseboard convectors 
are i n  operat ion. The 60 ft stayed po le  on which the  w indmi l l  generator 
w i l l  stand has been ra i sed  i n  a t r i a l  run and f i n a l  checkout o f  the  
wind~ni 11 generator and power t r a i n  are  near ing completion. 
Several months were spent i n t e r f a c i n g  t h e  thermal systems o f  t he  
NEWF P r o j e c t  w i t h  those o r i g i n a l l y  intended i n  Solar  Hab i ta t  One.. 
The f i n a l  design o f  Solar  Hab i ta t  One/NEWF thermal systems w i l l  be des- 
c r i bed  i n  d e t a i l  i n  chapters I 1 1  through V I  o f  t h i s  repo r t .  
F igure 6, an a r t i s t ' s  conception, shows t h e  combined s i t e  l a y o u t  
of  Solar  Hab i ta t  One and the  New England Wind Furnace. A recent  
photograph o f  t he  b u i l d i n g  w i t h  the  s o l a r  c o l l e c t o r s  i n  place i s  pre- 
sented i n  F igure 7. 


C H A P T E R  I 1  
OBJECTIVES 
The main purpose o f  t h i s  p ro jec t  has been t o  design, purchase 
mater ia ls fo r ,  i n s t a l l ,  and check out  a heat ing system'for Solar 
Habi tat  One using the output from the New England Wind Furnace 
2 Pro jec t ' s  25 kW WTG augmented by 200 f t  o f  f l a t  p l a te  so la r  co l lec to rs .  
This 200 ft2 area was less than desired but  the physical layout  o f  
the house prevented i n s t a l  l a t i o n  o f  add i t iona l  co l lec tors .  This combi ned 
system must be capable o f  heating the house using a number o f  d i f f e r e n t  
energy co l l ec t i on  and d i s t r i b u t i o n  methods. 
Specif ic Objectives o f  the Pro ject  
1)  Design a ve rsa t i l e  experimental heating system f o r  Solar 
3 Habi ta t  One based on the resu l t s  o f  a computer modeling study and 
the physical constraints o f  the house. 
2) Procure a l l  required mater ia ls  and par ts  necessary t o  
assemble a1 1 heating systems. 
3 )  I n s t a l l  heating systems i n  Solar Habi tat  One. 
4) Set up and execute p re l  iminary checkout tes ts  o f  each sub- 
sys tern. 
5) Prepare and submit a f i n a l  repor t  ( t o  be used as a technical  
repor t )  g iv ing  complete de ta i  1s o f  systems, components, swi tching l o g i c  
and instrumentation. 
Methods 
The nieans e~ilployed t o  achieve the  above ob jec t ives  were as 
fo l lows.  
Mu1 t i p l e  Storage Tanks. As p rev ious l y  shown i n  Figure 4, f i v e  
water storage tanks were b u i l t  i n t o  the  basement o f  So lar  H a b i t a t  
One. These concrete tanks have storage capac i t i es  vary ing  between 
500 gal ( tank A) and 3500 gal ( tank B ) .  I n  a d d i t i o n  t o  being ab le  
t o  a d j u s t  storage size, the  several tanks can be used f o r  i n s u l a t i o n  
economics experiments. For example, t he  two 1000 ga l  tanks ( D  and E )  
can be insu la ted  w i t h  d i f f e r e n t  ma te r ia l s  and comparisons o f  t h e i r  per- 
formance versus cos t  c h a r a c t e r i s t i c s  can be analyzed, 
Another advantage o f  the  nlul t i p l e  storage i s  t h a t  i t  permi ts  oper- 
a t i o n  o f  the  s o l a r  c o l l e c t o r  l oop  independently o f  t h e  wind t u r b i n e  
generator. So lar  c o l l e c t o r  performance i s  a s t rong  func t i on  o f  c o l -  
4 l e c t o r  water i n l e t  temperature . I f  both the  WTG and the  c o l l e c t o r s  
are connected t o  the  same storage, the  more energy the  WTG c o l l e c t s ,  t he  
h igher  the water  temperature w i  11 r i s e  and the  worse the  s o l a r  c o l l e c t o r s  
w i l l  perform. With a small s torage capaci ty ,  one simple way t o  avoid 
t h i s  problem would be t o  use a separate s o l a r  c o l l e c t o r  storage f o r  
home .heating dur ing  the  day, and t h e  WTG storage fo r  heat ing  a t  n i g h t .  
I n c l u s i o n  o f  Computer Results i n  the  Design. The r e s u l t s  o f  a 
3 computer model i n g  study conducted by the  thermal systems group 
i n d i c a t e d  t h a t  an adequate water storage s i z e  f o r  So lar  H a b i t a t  One 
would be 2000 gal.  A graphical  representa t ion  o f  t h i s  r e s u l t  i s  con- 
t a i  ned i n  F igure 8. (An e i g h t y  ft tower was used, however, r e s u l t s  a re  
s i m i l a r  f o r  a  60 ft tower.) 
The most e f f i c i e n t  d e l i v e r y  system, according t o  the  computer 
program, would use 100 l i n e a r  fee t  o f  water baseboard convectors. 
These resu l t s ,  and o thers  y i e l d e d  from the  mathematical model were 
used f o r  the design o f  the  So lar  Hab i ta t  heat ing  system. 
Flow Rate Var iat ions.  A l l  f l u i d  loops i n  t h e  s o l a r  c o l l e c t o r  
.---- 
and water baseboard systems are equipped w i  t h  bypass valves , pernii t t i n g  
v a r i a t i o n  o f  f l ow  above and below the design opera t ing  p o i n t  o f  each 
loop. This fea ture  can be used t o  search f o r  optimum f lows under 
var ious cond i t ions  and t o  more accura te ly  s i z e  the  pumping requirements 
o f  each system. 
Var ie ty  o f  Energy C o l l e c t i o n  and Del ivery  Methods. The computer 
model mentioned above showed a  poor match between the  per iod o f  
h ighest  heat ing  demand and maximum WTG p r o d u c t i v i t y .  This data (summarized 
i n  Figure 9) a l s o  ra i sed  the p o s s i b i l i t y  t h a t  200 ft2 o f  s o l a r  c o l l e c t o r  
cou ld  b r i n g  the heat ing supply and demand o f  the  house much c l o s e r  t o  
a  balance. Because o f  this,cornbined wind and s o l a r  heat ing systems were 
i n s t a l  l e d  i n  So lar  Hab i ta t  One. The presence of both systems a l s o  made i t  
poss ib le  t o  study the economic and e f f i c i e n c y  t rade-o f fs  between the  
two methods o f  energy c o l l e c t i o n .  
A1 though i t  d i d  n o t  appear very promising i n  terms o f  o v e r a l l  
energy u t i l i z a t i o n ,  1  i n k i n g  the  windmi l l  ou tput  d i r e c t l y  t o  e l e c t r i c  
res is tance baseboard heaters was considered. As an independent system 
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econo~nic advantage due t o  lower  i n s t a l l a t i o n  c o s t  cou ld  be r e a l i z e d .  
A f u l l  s e t  o f  e l e c t r i c  baseboard convectors  was i nc l uded  i n  t he  
des ign i n  a d d i t i o n  t o  t h e  wate r  convectors .  
A v a i l a b i l i t y  o f  Components. A ma jo r  expense i n  a l t e r n a t i v e  
energy systems i s  the  requi rement  f o r  s p e c i a l i z e d  equipment t o  
per form s p e c i f i c  f u n c t i o n s .  Wi th  t he  excep t i on  o f  t h e  s o l a r  c o l  l e c t o r  
panels and t h e  w i n d m i l l  assembly, t h e  e n t i r e  h e a t i n g  system o f  S o l a r  
H a b i t a t  One c o n s i s t s  o f  mass produced i tems r e a d i l y  a v a i l a b l e  th rough 
r e t a i l  o u t l e t s .  I t  should be p o i n t e d  o u t  t h a t ,  i n  some cases, 
convent ional  equipment i s  n o t  no rma l l y  operated a t  NEWF des ign  
s p e c i f i c a t i o n s .  Performance capabi 1  i t i e s  o f  t h i s  equipment were 
est imated a t  NEWF design po in t s .  For  example, water  baseboard 
convectors  a r e  g e n e r a l l y  used a t  about 180°F b u t  t h e  H a b i t a t  con- 
vec to r s  needed t o  opera te  a t  s i g n i f i c a n t l y  l owe r  average temperatures. 
Us ing bas i c  hea t  t r a n s f e r  p r i n c i p l e s ,  t h e  thermal  systems group 
e x t r a p o l a t e d  convector  des ign  f i g u r e s  t o  t h e  lower  temperature and 
s p e c i f i e d  a d d i t i o n a l  hea te r  1  ength. S i m i l a r  adap ta t i ons  were i nvo l ved  
i n  o t h e r  areas where i n t e r f a c i n g  between t he  a l t e r n a t i v e  c o l l e c t i o n  
systems and convent iona l  h e a t i n g  equipment was a  problem. 
Goal s  
F l e x i b i l i t y  i n  energy c o l l e c t i o n ,  s t o rage  and d i s t r i b u t i o n  was 
designed i n t o  So la r  H a b i t a t  One's h e a t i n g  capabi 1  i t i e s  'wherever 
p r a c t i c a b l e .  Upon i t s  comple t ion  t h i s  p r o j e c t  w i l l  have made a v a i l a b l e  
a  l a b o r a t o r y  f o r  t e s t i n g  severa l  d i f f e r e n t  methods o f  a l t e r n a t i v e  energy 
home heat ing.  Thus, f u t u r e  researchers a t  1IMass w i l l  be a b l e  t o  
t e s t  the  e f f i c i e n c y  and economics o f  s o l a r  and windpowered h e a t i n g  
us ing  a v a r i e t y  o f  components and component s i  zes. 
I t  i s  hoped t h a t  the  Wind Furnace P r o j e c t  w i l l  p rov ide  
d e f i n i t i v e  i n f o r m a t i o n  about t he  economic and environmental  va lue  
o f  a l t e r n a t i v e  energy systems. The H a b i t a t  should g i v e  s tudents  
and t h e  p u b l i c  an i n t r o d u c t i o n  t o  t h e  p r a c t i c a l  aspects o f  i n s t a l l a -  
t i o n  and ope ra t i on  o f  these systems. 
C H A P T E R  I 1 1  
HEATING SYSTEM DESIGN 
The methods of heating Solar Habitat One, as presently instal led,  
can be broken down into two parallel heating modes. They are re- 
ferred to in th is  report as the alternative system and the auxiliary 
system. The wind and solar  energy collection, storage and distribu- 
t ion systems fa l l  into the former category. The forced a i r  furnace and 
peripheral a i r  distribution s lo t s  make u p  the l a t t e r .  'This chapter 
will outline the operation of each heating system and wi l l  detail 
the major components. 
The Alternative Heating Systems 
A t  present there are four wind and solar powered systems 
installed in the Habitat. Their general operation i s  described below 
Model 1 A .  (Figure 10) This model uses the power produced by 
a nominal 25 kW generator mounted in the main frame of a WTG w i t h  i t s  
center axis 60 fee t  above ground. Power i s  fed to a load controller 
in the basement of Solar Habitat One. The central control system 
monitors the temperature inside the house, If  the WTG i s  providing 
power and heqt i s  required by the house, the control system connects 
the load controller to  a s e t  of nine 10 f t  e l ec t r i c  resistance base- 
board convectors distributed throughout the building. If  heat i s  not 
needed the central control system feathers the wind turbine's blades 
and shuts down the e lec t r i c  f ie ld  in the generator. I f  the wind tur- 
bine generator i s  not producing power and the house temperature f a l l s  

below acceptable l eve l s ,  the  a u x i l i a r y  system takes over and provides 
fo rced h o t  a i r  heat ing.  
Model 2. (F igure  11) This  approach incorporates a  storage 
c a p a b i l i t y  i n t o  t h e  wind system. Ins tead o f  being de l i ve red  d i r e c t l y  
t o  e l e c t r i c  baseboard convectors, t h e  power ou tput  o f  t he  WTG i s  
used t o  heat water i n  a  concrete storage tank i n  t h e  basement o f  
So lar  Hab i ta t  One. This  i s  accomplished by feeding the  power ou tpu t  
o f  the  WTG t o  a  s e t  o f  e l e c t r i c  im~i iersion heaters i n  t he  tank. When 
t h e  water temperature i n  t h e  tank r i s e s  above 194°F the  c o n t r o l l e r  
again sends o u t  a  s igna l  which causes t h e  blades t o  fea the r  and t h e  
e l e c t r i c  f i e l d  t o  be shut  down. When heat  i s  requ i red  by the  house, 
water  i s  c i r c u l a t e d  through water baseboard convectors.  I f  the re  i s  
n o t  s u f f i c i e n t  tank temperature t o  main ta in  des i red  temperature l e v e l s ,  
t h e  a u x i l i a r y  system i s  again employed. 
Model 3A. (F igure  12) This  system i s  t h e  same as model 2, 
w i t h  t h e  a d d i t i o n  o f  s o l a r  f l a t  p l a t e  c o l l e c t o r  ou tpu t  t o  t h e  water 
tank. 
The s o l a r  c o l l e c t o r  loop i s  a c t u a l l y  two separate f l u i d  c i r c u i t s .  
Because of t h e  danger o f  water f reez ing  i n  t h e  c o l l e c t o r s  on w i n t e r  
n igh ts ,  the  c o l l e c t i o n  f l u i d  i s  a  60140 s o l u t i o n  o f  propylene g l y c o l  
an t i f r eeze  and water. Propylene g l y c o l  was chosen because i t  i s  
l e s s  t o x i c  than e thy lene g l y c o l .  F i l l i n g  t h e  storage tank w i t h  t h i s  
s o l u t i o n  would be p r o h i b i t i v e l y  expensive, so a  heat  exchanger i s  
used between t h e  c o l  l e c t o r  f l u i d  and the  tank water.  A double- loop 
arrangement such as t h i s  e n t a i l s  some smal l  pena l t i es  i n  f i r s t - c o s t  and 
i n  o v e r a l l  performance b u t  i t  was f e l t  t h a t  t h i s  course was p re fe rab le  


t o  ( o r  constant  c i r c u l a t i o n  i n  w i n t e r )  system drainage o r  purg ing  
methods. A d e t a i l e d  d iscuss ion  o f  t h i s  type o f  s o l a r  c o l l e c t i o n  
system i s  presented i n  Reference 5. A d i f f e r e n t i a l  thermostat  i s  used 
t o  c o n t r o l  f l u i d  f low on both s ides o f  t he  heat exchanger. Th i s  
thermostat  t u rns  the  pumps on when the c o l l e c t o r ' s  f l u i d  i s  20°F 
h o t t e r  than t h e  tank water and t u r n s  them o f f  when t h i s  d i f f e r e n c e  
rops t o  3°F. This  d i f f e r e n t i a l  thermostat  i s  independent o f  t h e  
sw i t ch ing  l o g i c ,  bu t  has no mechanism t o  c lose  the  l oop  down when t h e  
tank temperature r i s e s  t o  194OF. 
Model 38. (F igu re  13) The one-tank storage of Model 3A has t h e  
drawback t h a t  s o l a r  c o l l e c t o r  e f f i c i e n c y  i s  a f u n c t i o n  o f  s torage 
water  temperature ( o r  more p rec i se l y ,  c o l  l e c t o r  i n l e t  temperature) 
w h i l e  w indmi l l  power ou tput  i s  no t .  As dicussed prev ious ly ,  t h e  c o n t r i -  
b u t i o n  o f  t h e  c o l l e c t o r s  could e a s i l y  be reduced on days when t h e  WTG 
i s  per forming w e l l  and the  storage tank i s  a t  a h i g h  temperature. For  
t h i s  reason, c a p a b i l i t y  f o r  a two-tank independent s torage system has been 
provided. I n  t h i s  arrangement t h e  s o l a r  c o l l e c t o r  l oop  heats one tank 
from which heat i s  drawn when needed. The e l e c t r i c  immersion heaters 
are  placed i n  a d i f f e r e n t  tank and t h a t  t ank ' s  water  i s  used o n l y  when 
t h e  s o l a r  c o l l e c t o r  s torage tank i s  t o o  cool t o  s a t i s f y  heat ing  requ i re -  
ments. 
The A u x i l i a r y  System 
The house, as o r i g i n a l l y  designed by Professor  Johnson, was a 
s i n g l e  s t o r y  one- fami ly  d w e l l i n g  w i t h  a 3 f t  crawl space between t h e  
main f l o o r  and the  ground. This  crawl space was in tended t o  be sealed 
































the  per imeter  o f  t he  main f l o o r  and an LP-Gas-Fired f o r c e d - a i r  
furnace was t o  be i n s t a l l e d  on the  main f l o o r .  This  furnace 
would d i r e c t  heated a i r  down i n t o  the  crawl space, o r  "plenum chamber", 
and the  a i r  would then r i s e  through t h e  s l o t s  around the  main f l o o r  
per iphery,  p r o v i d i n g  heat  t o  t h e  l i v i n g  area. 
As s o l a r  and windpowered hea t i ng  systems were i n t e g r a t e d  i n t o  
the  H a b i t a t  plans, i t  became apparent t h a t  a l a b o r a t o r y  area and 
several  water s torage tanks would be needed a t  t he  b u i l d i n g  s i t e ,  
To meet these requirements a basement was added t o  the  o r i g i n a l  design. 
The e f f e c t  o f  t h i s  mod i f i ca t i on ,  i n  terms o f  t he  a u x i l i z r y  hea t i ng  system, 
was t o  increase the  s i z e  o f  t he  plenum chamber f rom a 3 f t  crawl space 
t o  a f u l l  basement. 
I n  i t s  present  form, the  a u x i l i a r y  heat ing  system i s  a 60,000 
BTU/hr LP-Gas-fired fo rced ho t  a i r  furnace which downdrafts i n t o  the  
basement. This  a i r  from the  furnace d i r e c t l y  heats t h e  basement and 
r i s e s  through s l o t s  around the  per imeter  o f  t h e  main f l o o r  t o  heat  
t he  l i v i n g  area. Depending on system performance, f u t u r e  work may 
i n v o l v e  mod i f i ca t i on  o f  t h i s  heat ing  d e l i v e r y  system. A b a f f l e  p l a t e  
and a i r  ducts may be necessary t o  improve a i r  d i s t r i b u t i o n .  
A l t e r n a t i v e  Heat ing Components 
Wind Turbine Generator. E f f o r t s  concerning the  WTG frame support  
s t r u c t u r e ,  blades and generator  were handled by another p a r t  o f  t h e  
NEWF team. The generator,  a 25 kW Lima Synchronous, E x t e r n a l l y -  
Regulated, three-phase AC machine, was housed i n  a main frame as.sembly 
6 designed and b u i l t  by the  01 group. The t h r e e  blades a re  each 16 ft 
lor ig ,111d aixl ( ~ t t a c h e d  t o  the  hub w i t h  a 12.5 i n  s t e e l  s leeve. The 
illast7 i s  made o f  10 i nch  dianieter 3/8 i n  w a l l  welded s tee l  p ipe  and 
i s  guyed by cable t o  f o u r  concrete anchors. Add i t i ona l  i n fo rma t ion  on 
t h i s  aspect o f  t he  p r o j e c t  can be obta ined from References 1, 2, 6, 
and 7. 
Load C o n t r o l l e r  and Centra l  Contro l  System. These i tems were 
designed and constructed by t h e  03 group. A d e t a i l e d  d iscuss ion  o f  
the  load c o n t r o l l e r  i s  conta ined i n  Reference 8. The sw i t ch ing  
l o g i c  governing t h e  c e n t r a l  c o n t r o l  system i s  inc luded as Appendix A. 
E l e c t r i c  Baseboard Convectors. The n ine  e l e c t r i c  baseboard 
convectors, each ten  f e e t  long, were made w i t h  s l i g h t l y  d i f f e r e n t  
res is tances  than a re  custoniary i n  home hea t i ng  app l i ca t i ons .  The 
normal res i s tance  o f  these heaters i s  3.07 ohms per  l i n e a r  f o o t  as 
compared w i t h  t h e  mod i f i ed  convector res i s tance  o f  3.18 ohms per  l i n e a r  
foot .  The res i s tance  was changed so t h a t  t h e i r  c h a r a c t e r i s t i c s  and 
those o f  t he  e l e c t r i c  imnersion heaters would be nea r l y  i d e n t i c a l .  
The n ine  convectors together  have t h e  c a p a b i l i t y  t o  take  t h e  f u l l  
25 kW output  o f  t h e  wind t u r b i n e  generator.  Th is  i s  cons iderab ly  i n  
t he  worst  design po in t ,  70°F i n t e r i o r  temperature a t  O°F ou ts ide  
temperature. The excess heat ing  capac i ty  prov ides a means o f  making 
up temporary decreases i n  l i v i n g  area temperature. 
E l e c t r i c  Immersion Heaters. The p o r t a b l e  e l e c t r i c  immersion 
heaters designed and cons t ruc ted  by the  03 group c o n s i s t  o f  twelve 
e l e c t r i c  water  heater  elements i n  t h ree  1 114" galvanized s t e e l  r i s e r  
pipes. The complete assembly o f  one r i s e r  i s  shown i n  F igures 
14 and 15. Each r i s e r  conta ins  two 4  kW and two 1.65 kW elements, 
Operated together ,  t he  th ree  r i s e r s  have more than the  2E kW capac i t y  
o f  the  WTG. 
Water Storage Tanks. The storage tanks o f  So lar  H a b i t a t  One a re  
l a i d  ou t  as p rev ious l y  shown i n  F igure  4. The e n t i r e  foundat ion  i n -  
c l u d i n g  a l l  tank w a l l s  i s  r e i n f o r c e d  concrete. The i n t e r i o r  tank w a l l s  
are 8 i n  t h i c k  and t h e  f l o o r  i s  4  i n .  The south w a l l  o f  t h e  basement, 
which forms t h e  r e a r  w a l l  o f  each tank i s  11 i n  t h i c k .  There i s  3  i n  o f  
urethane i n s u l a t i o n  under t h e  basement f l o o r  and 2  i n  ou ts ide  t h e  wa l l s .  
There i s  a t  present no i n s u l a t i o n  on t h e  8 i n  i n t e r i o r  wa l l s .  Th is  i s  
most ly  due t o  economic and techn ica l  ass is tance c o n s t r a i n t s  on the  
p r o j e c t .  
The tank covers were b u i l t  as fo l l ows .  S i l l s  o f  2  i n  x 6  i n  beams 
were bo l ted  on t o p  o f  t he  cement w a l l s  forming th ree  s ides  o f  t he  tank. 
The 4  f t 3 i n  between the  south w a l l  and the  middle o f  t he  tank was 
covered w i t h  a  permanent platfor111 o f  2  i n  x 4  i n  studs covered on t o p  
and bottom by 3/4 i n  plywood and packed w i t h  polyurethane board i n s u l a -  
t i o n .  The 4  ft span between t h e  p l a t f o r m  and t h e  f r o n t  w a l l  o f  t he  tank 
i s  covered by a  l i d  o f  s i m i l a r  cons t ruc t i on  hinged t o  the  p la t fo rm.  
F igure  16 shows t h e  cover f o r  tank C i n  place, 
Water Baseboard Convectors. The manufacturer 's  i n fo rma t ion  con- 
cern ing  water baseboard heater  performance deals w i t h  t h e  normal 
opera t ing  range of 160-220°F. Using t h a t  data, an o v e r a l l  thermal 
2  conductance f o r  the  baseboard heaters was est imated a t  1.43 BTU/hr ft OF. 
F i g u r e  14 - E l e c t r i c  Immersion H e a t e r  
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Assui~iing t h a t  i n  t h i s  case the  outs ide heat t r a n s f e r  c o e f f i c i e n t  
do~lrinates heats t r a n s f e r  and t h a t  t h i s  c o e f f i c i e n t  i s  propor t iona l  
9 t o  the  temperature grad ient  t o  the 1.25 power , the pel-for~~iance curve 
o f  Figure 17 was ex t rapo la ted from the manufacturer 's.  performance 
data. (See a lso  Table 1 )  Ana ly t i ca l  modeling ind ica ted  t h a t  the  
output  o f  any more than 100 f t  o f  baseboard convectors d i d  n o t  j u s t i f y  
the added expense involved.  About 100 f t  o f  e l e c t r i c a l  baseboard 
heaters were a1 ready planned, so t o  prevent the 1 i v i n g  area wa l l s  from 
being f i l l e d  w i t h  heaters, a double-element water baseboard heater  
was used. I n t e r a c t i o n  between the upper and lower elements reduced 
the expected improvement i n  output  from 100% t o  50%. To compensate 
f o r  t h i s  and t o  ob ta in  zoned heating, these convectors were s e t  up 
i n  three p a r a l l e l  loops. Such an arrangement, g i v i n g  shor te r  f l o w  paths 
fo r  the water and there fore  a h igher  average temperature d i f f e rence  
between the water and room a i r ,  provides an increase i n  heat over one 
100' long loop. 
Water Convector Puyps. Head losses i n  the three water baseboard 
- 
convector 1,oops were ca lcu la ted  a t  seven, twelve and eighteen f e e t  o f  
water a t  4 gal lons per minute. Cent r i fuga l  pumps o f  1/12, 118, and 
118 hp were purchased t o  handle these three baseboard convector loops. 
Each pump was i n s t a l l e d  w i t h  a bypass valve which perni i t ted water t o  
f low from the o u t l e t  o f  the  pump t o  i t s  i n l e t .  This makes poss ib le  




Est imated Baseboard Convector 
Performance (70°F L i v i n g  Area) 
Water Output Output 
Temperature (OF) 9 (Manufacturers (04 Group C a l c u l a t i o n s  ) 
Data) Data 
unspec i f ied  (below 499.0 
normal opera t  i o n  
range) 424.0 
Solar  Co l lec tors .  - Each o f  t he  ten  c o l l e c t o r s  mounted on So lar  
Hab i ta t  One i s  32 i n  wide by 90 i n  l ong  i n c l u d i n g  the  frame. The 
c o l l e c t i o n  sur face i s  a .013 i n  copper sheet pa in ted w i t h  f l a t  b lack 
p a i n t .  The c o l l e c t i o n  f l u i d  f lows i n t o  a 3/4 i n  O.D. copper header 
which d i s t r i b u t e s  i t  amount s i x  318 i n  O.D. v e r t i c a l  tubes soldered 
on the  copper sheet. A 3/4 i n  O.D. copper header a t  the  bottom of the  
tubes c o l l e c t s  the heated f l u i d  which then f lows t o  a heat exchanger 
i n  t h e  basement o f  So lar  Hab i ta t  One. The copper sheet i s  covered by 
a Tedlar ( ~ u ~ o n t  trademark) p l a s t i c  sheet and 1/8 i n  pane o f  ASG 
tempered h igh  t ransmiss i v i  ty glass. Two inches o f  f i b e r g l a s  i n s u l a t i o n  
a re  placed behind the  copper sheet t o  c u t  down on heat  losses.  Each 
c o l l e c t o r  has a 1 / 4 i n  purge valve a t  i t s  h ighest  p o i n t  t o  c l e a r  t h e  
loop o f  a i r .  
10 An a n a l y t i c a l  study o f  the  c o l l e c t o r s  was c a r r i e d  o u t  us ing  
procedures described i n  Reference 4. The range o f  e f f i c i e n c i e s  f o r  
various f l u i d  i n l e t  temperature i s  shown i n  Figure 18. 
Heat Exchanger. Se lec t i on  o f  a heat  exchanger invo lves  economic 
and thermal design t rade-of fs .  The use o f  a double-loop c o l l e c t i o n  
5 
system c a r r i e d  w i t h  i t  two b u i l t - i n  p e n a l i t i e s  . I n  a s i n g l e  l oop  
system the c o l l e c t o r  f l u i d  i s  drawn d i r e c t l y  from the  storage tank. 
I n  terms of heat t r a n s f e r  t h i s  could be considered an i n f i n i t e  heat 
exchanger, i n  t h a t  the  f l u i d  i s  cooled t o  the  temperature o f  t h e  tank. 
The existence o f  a heat  exchanger i n  the  system induces a l o s s  i n  ou t -  
pu t  because o f  the  r e a l  ( l ess  than u n i t y )  e f fec t iveness i n  t h e  exchanger. 
F a i l u r e  t o  draw a l l  heat poss ib le  from the f l u i d  causes the  second 
penal ty ,  a decrease i n  c o l l e c t o r  e f f i c i e n c y  because o f  h igher  c o l l e c t o r  




Figure 18 - Collector Performance vs .  Fluid Inlet  Temperature 
a p p r o x i ~ l ~ a t e l y  equal s p e c i f i c  heats)  t he  r a t i o  o f  c o l l e c t o r  f l ow  t o  
tank-s ide flow should be a  niininiuni. The s e l e c t i o n  process then 
became a  mat te r  o f  t r a d i n g  o f f  pulilping power and heat exchanger cos t  
aga ins t  f lowra te  c a p a b i l i t y  and exchanger sur face area. A t  f lows 
above 25 ga l lons  per  minute pump costs acce lera ted  r a p i d l y  and heat 
exchangers web-e approaching the  i n d u s t r i a l  appl i c a t i o n s  range and 
p r i c e  l e v e l .  Thus, a  25 gpm capac i t y  ( tubes ide)  heat  exchanger was 
selected.  I t s  p red i c ted  e f fec t i veness  was c a l c u l a t e d  t o  be 75%. 
The f l o w r a t e  on t h e  c o l l e c t o r  (she1 1  s ide )  i s  3  gpm (.3 gpm per  
c o l  l e c t o r ,  as recomnended by t h e  manufacturer).  For a  tank temperature 
of 130°F and c o l l e c t o r  ou tpu t  temperature o f  145°F t h e  tank-s ide of  
t h e  l oop  i s  expected t o  increase 1.8OF and t h e  c o l l e c t o r  s i d e  decrease 
should be 11.25OF. F igure  19 shows a  photograph o f  t h i s  heat exchanger. 
D i f f e r e n t i a l  Thermostat. A d i f f e r e n t i a l  thermostat  i s  used t o  
operate the  c o l l e c t o r  f l o w  loop. The u n i t  operates on the  ou tpu t  of 
two temperature sensors, one measuring the  p l a t e  temperature of the  
s o l a r  c o l l e c t o r ,  t he  o the r  sensing storage tank temperature. The normal 
a c t i o n  o f  the  thermostat  t u rns  t h e  l oop  on when t h e  c o l l e c t o r  f l u i d  i s  
20" - + 3°F h igher  than the  storage tank and tu rns  i t  o f f  when t h a t  
d i f f e r e n c e  drops t o  3' - + 1°F. A  d e t a i l e d  d e s c r i p t i o n  o f  t he  working 
p r i n c i p l e s  of t he  d i f f e r e n t i a l  thermostat  i s  conta ined i n  Reference 13. 
So lar  C o l l e c t o r  Pumps. The est imated head losses i n  t h e  s o l a r  
c o l l e c t o r  and tank heater  loops were 10 f e e t  a t  4  gpm and 42 f e e t  a t  
25 gpm respec t i ve l y .  Cent r i fuga l  pumps of 118 hp and 1  hp were purchased 
f o r  t h i s  a p p l i c a t i o n .  As was t h e  case w i t h  the  baseboard convector 
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Source and Pr ice  Infomlat ion 
A d e t a i l e d  cost breakdown o f  a l l  items used i n  the a l t e r n a t i v e  
energy heat ing system i s  included as Appendix 0 ,  a summary o f  the 
B i l l  o f  Mater ia ls .  
C H A P T E R  I V  
HEATING SYSTEI.! INSTALLATION 
This chapter  describes the  sequence o f  i n s t a l l a t i o n  of  each 
subsystem handled by t h e  04 (Thermal Systems) group. Dur ing con- 
s t r u c t i o n  a1 1 the  systems were d e a l t  w i t h  simultaneously b u t  f o r  
c l a r i t y  they w i l l  be d e a l t  w i t h  independently i n  t h i s  n a r r a t i  ve. 
Tank Treatment 
The basement l a y o u t  i s  as shown i n  Figure 4. The 2000 g a l l o n  
tank (Tank C) was l i n e d  w i t h  a urethane waterproof ing  agent. 'This 
1 /16" urethane paste f i  1 m was especia l  l y  d i  f f i c u l  t t o  apply. Because 
of t h e  danger of  t o x i c  fumes, a1 1 personnel work ing i n s i d e  the  tank 
were requ i red  t o  wear an oxygen b rea th ing  apparatus. The hoses 
l ead ing  i n  from outs ide  the  tank were cumbersome and the  paste 
adhered t o  c l o t h i n g  and people much b e t t e r  than i t d i d  fo r  c lean 
concrete surfaces. The tank leaked s l i g h t l y  a f t e r  t he  i n i t i a l  
app l i ca t i on ,  so an a d d i t i o n a l  amount o f  paste was then app l i ed  a long 
the  seam between the  w a l l s  and f l o o r ,  e l i m i n a t i n g  t h e  problem. The 
remaining tanks had been in tended f o r  s i m i l a r  t rea tment  b u t  t h e  ob- 
s tac les  encountered i n  c o a t i n g  t h i s  f i r s t  tank caused the  04 group 
t o  change methods. One 1000 ga l l on  tank w i l l  now be waterproofed w i t h  
water  r e p e l l e n t  and pool  l a t e x  enamel pa in t .  The w a l l s  and f l o o r  o f  
the  basement were poured i n  two separate operat ions and i t  i s  suspected 
t h a t  t h i s  caused leakage whew the  w a l l s  and f l o o r  come together .  
For t h i s  reason, the f loor-wal 1 seam wi  11 be coated w i t h  t h e  urethane 
water p r o o f i n g  agent. This  w i l l  be a considerably s i n p l e r  proce- 
dure than pas t i ng  t h e  e n t i r e  tank. I t  i s  planned t o  operate the  
tanks w i t h o u t  i n s u l a t i o n  and then t o  i n s u l a t e  them and conpare 
the  economic t radeof f  between fi r s  t - c o s t  increase ( i n s u l a t i o n  ex- 
pense) and the  l ong  te rm e f f i c i ency  losses o f  unprotected tanks. 
The tank covers described i n  Chapter I 1 1  are  under cons t ruc t ion .  
The one on the  2000 gal.  (Tank C) i s  conplete and a cover f o r  tank E 
i s  be ing  b u i l t  a t  t h i s  t ime. 
Sol a r  C o l l  e c t o r  Sys tem 
Schematics o f  t he  two loops used fo r  s o l a r  c o l l e c t i o n  are i n -  
c l  uded i n  Figures 20 and 21. P i p i n g  diagrams of the p o r t i o n  of  each 
loop conta ined i n  t he  basement o f  So la r  Hab i ta t  One are  shown i n  
Figures 22 and 23. A photograph o f  the  conpleted a s s e h l y  i s  con- 
t a i n e d  i n  Figure 24. 
The mani fo ld  p i p i n g  necessary t o  operate the c o l l e c t o r s  w i t h  
each storage tank was i n s t a l l e d  f i r s t .  This  1 1/4 i n .  nominal copper 
t u b i n g  was anchored t o  the  f l o o r  by d r i v i n g  1/2 i n .  dowels i n t o  
d r i l l e d  holes i n  the  concrete and fastening sheet .metal s t raps  around 
the t u b i n g  and t o  the  dowels us ing  wood screws. M i l i t a r y  surp lus 
valves obta ined free by the  U n i v e r s i t y  were used i n  t h i s  loop. I n  
re t rospec t  t h i s  was unwise, as the c o s t  o f  manufacture o f  bushings 
needed t o  adapt t he  valves was almost as h i g h  as the cost  of  a s e t  of  
valves designed f o r  our purposes. I f  l a b o r  i s  inc luded i n  t h i s  an- 
a l y s i s  the surp lus valves c o s t  more. The s o l a r  c o l l e c t o r  loop p l a t -  
form was then cons t ruc ted  and i t s  equipment f i x e d  i n  p lace  as shown 
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The s o l a r  c o l l e c t o r s  were mounted v e r t i c a l l y  on So la r  H a b i t a t  
Orre's south w a l l .  Each p a i r  o f  c o l l e c t o r s  i s  connected t o  a sepa- 
r a t e  rotameter t o  assure more accurate f low d i s t r i b u t i o n .  The house 
had been p re fab r i ca ted  before  conso l ida t ion  o f  bo th  p ro jec ts  had been 
completed and the on ly  choices a v a i l  able f o r  mounting the  c o l l e c t o r s  
were on the  roof,  which has a p i t c h  o f  8 degrees, o r  on the  south 
w a l l .  Framing t o  h o l d  the  c o l l e c t o r s  on the  r o o f  a t  a b e t t e r  angle 
would have t o  be s tu rdy  enough t o  stand w i n t e r  storms, and so would 
be l a r g e  and uns igh t l y .  As the  predominant use o f  c o l l e c t i o n  would 
be i n  the w i n t e r  the c o l l e c t o r s  were s e t  on the  south w a l l  where the  
losses due t o  poor opera t ing  angle would be less .  The windows of  
So lar  H a b i t a t  One do n o t  open and i n c l u s i o n  o f  an angled s tag ing  on 
the south w a l l  would b lock the  view from a l l  windows on the  south 
wa l l .  Several o f  the  windows would already be p a r t i a l l y  b locked by 
v e r t i c a l l y  mounted c o l  l ec to rs .  I n  short ,  some e f f i c i e n c y  was sac- 
r e f i c e d  i n  favor  o f  reduct ion  i n  i n i t i a l  cos t  and b u i l d i n g  appearance 
improvement. 
Two instrument  r i s e r s  were made up t o  moni tor  tank cond i t ions  
f o r  ins t rumenta t ion  and c o n t r o l  purposes. The three-sensor r i s e r  i s  
in tended f o r  use i n  a1 1 s ing le- tank  c o l l e c t i o n  systems. When two 
tanks are used, as i n  Model 3B, the  three sensor r i s e r  i s  used i n  
the c o l l e c t o r  tank and the  two sensor r i s e r  i s  used i n  the  w indmi l l  
tank. Sketches o f  these r i s e r s  are contained i n  Figure 26. The 
the rm is to r  probe provides tank  temperature data t o  t h e  c e n t r a l  c o n t r o l  
system. The thermocouple i s  connected t o  a recorder which c o l l e c t s  
F i g u r e  26 - Instrument Risers 
data  on system opera t io r )  d u r i  ng exper imentat ion.  The D i f f e r e n t i a l  
Thermostat probe operates as p a r t  o f  t he  s o l a r  c o l l e c t o r  system, 
F l o a t  Valve System 
The f l o a t  v a l v e  c i r c u i t ,  F i g u r e  27, draws wate r  f rom t h e  
domest ic c o l d  water  supp ly  t o  keep t h e  o p e r a t i n g  water  tanks a t  
t h e i r  r e q u i r e d  l e v e l ,  making up f o r  evapo ra t i ve  losses.  A s h u t o f f  
v a l v e  i s  i n s t a l l e d  above each f l o a t  va lve  t o  c l o s e  o u t  t h e  f l o a t  
va lves  i n  empty tanks .  
A1 1 p i p i n g  i n  t h i s  l o o p  i s  3/4" nominal copper t ub ing .  
Water Baseborad Convectors 
The water  baseboard convec to r  loops have a m a n i f o l d  system t o  
p e r m i t  connec t ion  o f  these hea te rs  t o  any tank  as does t h e  tank  
hea te r  loop .  There a r e  t h r e e  separate loops o f  convectors ,  each 
w i t h  i t s  own c i r c u l a t o r  pump. The basement, w i t h  16 l i n e a r  f e e t  of 
double convector ,  comprises one loop,  t h e  main f l o o r  l i v i n g  room has 
16 f e e t  of double convectors  and makes up t h e  second loop .  The r e -  
mainder o f  t h e  main f l o o r  (18 f e e t  o f  double convec to rs )  i s  t h e  t h i r d  
loop .  
The m a n i f o l d  p ipes b r i n g i n g  water  t o  and f r om t h e  t h r e e  loops a r e  
1 1 /4 "  nominal copper t ub ing .  The copper t u b i n g  i n  t h e  t h r e e  convec to r  
1  oops i s 314" nominal . 
Schematics and p i p i n g  diagrams o f  t h e  baseboard loops a r e  con- 
t a i n e d  i n  F igures  28 and 29. 
F i g u r e  27 - F l o a t  Va lve  C i r c u i t  
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Figure  29 - Baseboard Loop P ip ing  Diagram 
The tank mix ing  loop uses the  same mani fo ld  as the  water base- 
board loop. La te r  designs prov ide  f o r  so leno id  valves t o  be used i n  
con junc t ion  w i t h  t h e  manual valves now used t o  open and c lose  tank 
r i s e r s .  When ope ra t i ng  a  two-tank sys tem ( s o l a r  c o l l e c t o r  ou tpu t  
t o  one storage tank, GJTG ou tpu t  t o  t he  o t h e r )  and one tank 
reaches the  maximum temperature al lowed (194°F) both sets o f  so leno id  
valves w i l l  open. The mix ing  pump w i l l  draw water f rom the  h o t  tank 
and r e t u r n  mixed water t o  t he  co lde r  tank. I t  would have been more 
p r e f e r a b l e  t o  draw water f rom one tank and r e t u r n  i t  t o  the  o ther ,  
b u t  t h i s  would cause a  change i n  water volume unless accompanied by 
some means o f  r e t u r n  f l o w  ( e i t h e r  a  siphon o r  pump). The d i f f e r e n c e  
i n  tank water l e v e l  makes a  siphon imprac t i ca l  and an a d d i t i o n a l  
pump, new manifolds and ten  more so leno id  valves were considered t o o  
expensive. The manual va lves would be employed i n  t h i s  system as 
ba lanc ing  valves, and would be p a r t i a l l y  c losed as requ i red  t o  balance 
the  f l o w  res is tance i n  each f l u i d  path, p revent ing  ma1 d i  s t r i b u t i o n  o f  
f low. If, f o r  example, a  tank c lose  t o  the  m ix ing  pump needs t o  be 
mixed w i t h  one a t  t he  o t h e r  end o f  t he  basement, t he  c l o s e r  t a n k ' s  
manual va lves would have t o  be p a r t i a l l y  c losed t o  equal t h e  f l o w  
res i s tance  i n  t h e  l i n e s  l ead ing  t o  the  o the r  tank. I n  t h i s  way an 
equal amount of water w i l l  be drawn f rom and r e t l ~ r n e d  t o  each tank.  
When t h e  so leno id  system i s  added, a  means o f  measuring and c o n t r o l l i n g  
t h e  f lowra te  i n  each r i s e r  w i l l  be necessary. 
C H A P T E R  V 
OPERATI ON INSTRUCT1 ONS 
This chapter d e t a i l s  checkout and c a l i b r a t i o n  procedures f o r  
each f l u i d  loop i n  the  a l t e r n a t i v e  hea t i np  system o f  So la r  H a b i t a t  
One. 
Solar  C o l l e c t o r  Loop 
To c a l i b r a t e  t h e  s o l a r  c o l l e c t o r  loop rotameter  (see F igure  20) 
a  hose i s  run  from t h e  domestic c o l d  water supply through a  c a l i -  
b ra ted  re ference flowmeter and i n t o  t h e  c o l l e c t o r  loop charge/dra in 
va lve  ( S l ) .  A second hose i s  run  from t h e  c a l i b r a t i o n  va lve  (S3) t o  
the  basement d ra in .  The dead head and s h u t o f f  va lves (S5 and S4) 
are closed, t he  pump bypass va l ve  and c a l i b r a t i o n  va lve  (S2 and S3) 
a re  l e f t  open. The c o l d  water supply i s  tu rned on and water f lows 
through the  reference and t h e  loop rotameter  i n  ser ies ,  and t h e  re -  
qu i red  comparison i s  c a r r i e d  out.  
To check the  loop f o r  leaks  t h e  fo l l ow ing  procedure i s  used: 
(1  ) Valve p o s i t i o n s :  Purge valves, c a l  i b r a t i o n  valve, dead 
head valve, pump bypass va lve  and charge/dra in va lve  a r e  
closed; Shuto f f  va lve  open. 
( 2 )  Connect domestic c o l d  water supply t o  t h e  charge/dra in 
va lve  and open it. 
(3)  Turn on c i r c u l a t o r  pump ( p a r t i a l l y  open bypass va l ve  t o  
ease load on the  pump). 
(4 )  Open one purge valve, then c lose  i t  when water begins t o  
seep ou t .  Repeat t h i s  procedure u n t i l  t h e  a i r  i s  removed 
from a l l  c o l l e c t o r s .  When t h e  l oop  i s  f u l l y  charged w i t h  
water,  r un  t he  pump w i t h  t h e  cha rge ld ra in  va l ve  open and t h e  
dead head va lve  c losed.  Th is  w i l l  p u t  t h e  l oop  under 21 
pounds o f  pressure. I nspec t  f o r  leaks .  
To c a l  i b r a t e  t h e  f i v e  c o l l e c t o r  ro tameters,  t h e  l o o p  must be 
charged w i t h  f l u i d  and closed. Turn on t h e  c i r c u l a t o r  and a d j u s t  
t h e  pump bypass va l ve  f o r  .6 gpm loop  f l o w r a t e .  Close a l l  c o l l e c t o r  
ro tameters b u t  t h e  one be ing  c a l i b r a t e d  and a d j u s t  t he  bypass va l ve  
f o r  f lows  rang ing  from .1 t o  .6 gpm, comparing t h e  read ing  o f  t h e  
c o l l e c t o r  ro tameter  t o  t h a t  o f  t h e  l oop  rotameter .  To c a l i b r a t e  
pressure gauges a s i m i l a r  procedure i s  used. Again s t r e e t  main 
water  pressure i s  connected t o  t h e  charge /d ra in  va lve  and a known 
reference pressure gauge i s  i nc luded  i n  t h e  connec t ion  l i n e .  Open 
the  charge /d ra in  va lve,  s h u t o f f  va l ve  and dead head va lve .  Th i s  w i l l  
p l ace  t he  e n t i r e  l o o p  and t h e  re fe rence  gauge a t  s t r e e t  main pressure. 
There a re  no p r o v i s i o n s  f o r  c a l i b r a t i n g  t h e  thermometers i n  t h e  var ious  
loops o the r  than  d r a i n i n g  t h e  l o o p  and removing them. 
Approx imate ly  21 ga l l ons  o f  a n t i f r e e z e  s o l u t i o n  i s  r e q u i r e d  t o  
f i l l  the  c o l l e c t o r  loop.  To charge the  loop, t h e  f l u i d  i s  p laced i n  
a l a r g e  p o r t a b l e  tank and a hose i s  r u n  f rom t h i s  tank t o  t h e  charge/ 
d r a i n  va lve.  The dead head va lve,  ro tameter  c a l i b r a t i o n  va l ve  and 
a l l  purge va lves a r e  closed. The s h u t o f f  va l ve  and pump bypass va l ve  
a r e  f u l l  open. The c i r c u l a t o r  i s  s t a r t e d  and t h e  bypass va l ve  i s  
p a r t i a l l y  c l osed  t o  s t a r t  a  s low f l o w  (about  1 / 2  gpm). A i r  pu rg ing  
i s  c a r r i e d  o u t  as descr ibed  above. 
Tank Heater Loop 
To c a l i b r a t e  the  tank heater  l oop  rotameter,  a  re fe rence f low-  
meter i s  connected between the  domestic c o l d  water  supply and the  
i n l e t  charge/dra in (T I1  ) valve. A l l  s h u t o f f  valves b u t  one r e t u r n  
s h u t o f f  va l  ve, a r e  closed. Water then f lows through the  re ference 
rotameter  and t h e  rotameter  i n  se r i es  p e r m i t t i n g  comparison o f  t h e  
two meters. To check t h i s  l oop  f o r  leaks and t o  c a l i b r a t e  pressure 
gauges, c lose  a l l  tank i n l e t  and o u t l e t  valves and feed the  domestic 
c o l d  water supply ( w i t h  a pressure gauge on t h e  connect ing l i n e )  t o  
the  tank heater  l oop  charge/dra in valve. To charge t h e  tank heater  
loop, domestic c o l d  water i s  f e d  t o  the  i n l e t  charge/dra in va lve  
w i t h  a l l  s h u t o f f  valves c losed except t h e  i n l e t  and r e t u r n  s h u t o f f s  
t o  the  tank being used. With t h e  domestic water  1 i n e  open, t u r n  on 
t h e  c i r c u l a t o r ,  g radua l l y  c l o s i n g  the  bypass va lve  f o r  f u l l  f low.  
When more than 15 gpm i s  f l o w i n g  through the  pump, i t  i s  c l e a r  o f  a i r  
l ocks .  Close the  i n l e t  charge/dra in va lve  and t h e  l oop  i s  ope ra t i ona l .  
Col 1 e c t o r  Sys tem Operat ion 
The c o l l e c t o r  l oop  and tank heater  loop operate simultaneously, 
The pump d r i v i n g  each system i s  c o n t r o l l e d  by the  d i f f e r e n t i a l  thermo- 
s t a t  which i s  independent o f  t h e  c e n t r a l  c o n t r o l  system. When t h e  
sensor beneath c o l l e c t o r  #5 and t h e  c o l l e c t o r  inst rument  r i s e r  a re  
i n  p o s i t i o n ,  sw i t ch ing  t h e  thermostat  t o  automatic w i l l  cause i t  t o  
operate as descr ibed i n  Chapter 111. Swi tch ing the  thermostat  t o  
manual w i l l  s e t  t h e  c o l l e c t o r  systeni i n t o  o p e r a t i o n  regard less  o f  
tank o r  c o l l e c t o r  f l u i d  temperatures. 
Water Baseboard Convector Loops 
To c a l i b r a t e  a  l o o p  rotameter ,  c l ose  a l l  i n l e t  s h u t o f f  va lves,  
t he  o u t l e t  d r a i n  v a l v e  and t h e  charg ing  s h u t o f f  va lve.  Connect a  
known re fe rence  f lowmeter betwwen t h e  domestic c o l d  water  supply  and 
t h e  i n l e t  charge/dra i  n  va l  ve (€31 1  ) . Close a1 1  ba lanc ing  va lves  except  
t h e  one on t h e  l o o p  t o  be c a l i b r a t e d .  Open one r e t u r n  shu to f f  and r u n  
water  through t h e  l o o p  t o  be c a l i b r a t e d .  Repeat t h i s  sequence f o r  each 
o t h e r  ro tameter .  
To charge t h e  loops a  s i m i l a r  procedure i s  used. Feed domest ic 
c o l d  water  t o  t he  i n l e t  cha rge ld ra in  va l ve  w i t h  a1 1  s h u t o f f  va lves 
closed. Open t h e  i n l e t  cha rge ld ra in  va l ve  t o  t h e  tank be ing  used and 
t u r n  on t he  domestic c o l d  water  l i n e .  Th is  w i l l  c l e a r  any a i r  o u t  o f  
t h e  r i s e r .  Close t h e  i n l e t  s h u t o f f  va l ve  and open t h e  r e t u r n  va lve.  
Th is  w i l l  d r i v e  t he  a i r  o u t  o f  each pump. Close t h e  i n l e t  cha rge ld ra in  
va lve,  open the  i n l e t  s h u t o f f  v a l v e  t o  t h e  tank  i n  use and t u r n  on t h e  
pumps. Once f low begins, t h e  l o o p  w i l l  c l e a r  o f  a i r  i n  about 15 minutes. 
F l o a t  Valve C i r c u i t  
To charge t h i s  loop,  open t h e  l oop  s h u t o f f  va l ve  and c l o s e  a l l  
tank s h u t o f f  va lves b u t  t he  tank  t o  be used. 'The 1  i n e  w i l l  c l e a r  
i t s e l f  o f  a i r  and the  b a l l c o c k  va l ve  w i l l  ma in ta in  t h e  water  l e v e l  as 
requ i red .  
To c a l i b r a t e  t h e  f l o a t  v a l v e  r e q u i r e s  a  two s tep  procedure. 
F i r s t  c a l i b r a t e  t h e  wate r  meter  l e a d i n g  f rom t h e  s t r e e t  main t o  t h e  
house and t h e  meter imned ia te l y  downstream o f  it. The o n l y  va l ves  
between these meters a r e  t h e  two o u t s i d e  faucets and t h e  f l o a t  
v a l v e  c i r c u i t .  Ensure t h a t  t h e  basement s h u t o f f  va lves  t o  t h e  fauce ts  
a r e  c l osed  and tagged. A f t e r  c a l i b r a t i o n  o f  t h e  wa te r  meters,  f i l l  
t h e  tank whose f l o a t  va l ve  i s  t o  be c a l i b r a t e d  and l e t  t h e  b a l l c o c k  
va l ve  shu t  t h e  f low off  a u t o m a t i c a l l y .  Then measure t h e  d i f f e r e n c e  
i n  wate r  passed th rough t h e  two c a l i b r a t e d  wate r  meters.  
C H A P T E R  V I  
FLITLIRE MODI FICATIONS AND RECOMMENDATIONS 
As const ruc t ion  of the  H a b i t a t  neared conp le t ion  i t  became 
apparent t o  members o f  the  T h e r m l  Sys tem group t h a t  some por- 
t i o n s  o f  the a l t e r n a t i v e  hea t ing  system design needed modi f i ca t ion .  
F inanc ia l  cons t ra in ts  caused the  postponemnt o f  several sys- 
tem opt ions for  a1 t e r n a t i  ve hea t ing  o f  So lar  H a b i t a t  One. The f i r s t  
p o r t i o n  o f  t h i s  chapter discusses the  t e n t a t i v e  design of these 
system modi f i ca t ions .  The second p a r t  o f  t h i s  chapter  deals w i t h  
recomnendati ons f o r  remedial a c t i o n  on these design po in ts .  
Modi f i  c a t i  ons 
Domestic Hot Water Preheater. (F igure 30) Without an a i r  
cond i t i on ing  c a p a b i l i t y  the  New England Wind Furnace (NEWF) power 
output  i s  wasted du r ing  s u m r  months. One means of  us ing  some o f  
t h i s  surplus c a p a b i l i t y  i s  t o  provide a preheat tng o f  domestic h o t  
water serv ice.  Most of the  tubing, i n s u l a t i o n  and fasteners were 
obtained f o r  t h i s  loop, b u t  purchase o f  the heater  co i  1 was deferred. 
The present p lan i s  t o  feed the  d o m s t i c  ho t  water  heater  w i t h  3/4 i n .  
copper t u b i n g  lead ing from the c o l d  water supply through t h e  heater  
c o i l  and i n t o  the water heater.  
Drawing water d i  r e c t l y  from the heated tank was n o t  a t tenpted 
because i t would have requi  red an add i t i ona l  punp and would have 
caused problems i n  mixing. I f  the  water  tank was heated t o  a tenpera- 
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t u r e  h igher  than 140°F the  mix ing  va lve  would go i n t o  operat ion.  
Commercially a v a i l a b l e  mix ing  valves are genera l l y  designed t o  oper- 
a t e  w i t h  both f l u i d  streams a t  t he  same pressure. As the  system i s  
now planned t h i s  c r i t e r i o n  i s  met b u t  i f  a separate pump were i n  use 
as i s  necessary t o  draw ho t  water from the storage, a pressure mis- 
match would occur. S e t t i n g  the  pump t o  s t r e e t  main pressure would 
n o t  so lve  the  problem, as s t r e e t  main pressure var ies  dur ing  the  day 
w i t h  demand. A solenoid operated bypass va lve  c o n t r o l l e d  by a pressure 
sensor would keep the  two pressures equal ; i t  would a l s o  cos t  more than 
the  combined t o t a l  of t he  r e s t  o f  t h e  ho t  water  preheat loop. 
Two Tank Solenoid System. To implement model 3-8 (F igure  13) 
now would r e q u i r e  manual con t ro l .  To achieve the  o b j e c t i v e  o f  model 
3-8,  i .e. improved co l  l e c t o r  e f f i c i e n c y ,  automatic c o n t r o l  i s  essen t ia l .  
To a l l ow  the mix ing  process descr ibed i n  Chapter I V  t o  take place, thus 
increas ing the  storage p o t e n t i a l  o f  t h e  two-tank system, automatic 
c o n t r o l  i s  again necessary. 
The drawback i n  i n s t a l l a t i o n  o f  so leno id  valves was s o l e l y  economic. 
With f i v e  tanks, each w i t h  two r i s e r s ,  t en  so leno id  valves would be 
needed t o  run  model 3-8 over a wide range o f  storage s izes.  Reviews o f  
several manufacturers' product l i n e s  showed t h a t  most so leno id  valves 
f o r  water appl i c a t i o n s  have maximum design temperatures o f  180°F, 14°F 
below NEWF maximum storage opera t ing  temperatures, Discussions w i t h  
these manufacturers revealed t h a t  so leno id  valves s u i t a b l e  f o r  t he  NEWF 
system would cos t  more than $100 each. I n  terms o f  t he  p r o j e c t ' s  f i r s t  
year  finances t h i s  cos t  was p r o h i b i t i v e .  
Heat Waster. One o f  the  ob jec t i ves  o f  t he  New England Wind 
Furnace P r o j e c t  was t o  demonstrate the  capabi 1 i t y  o f  a wind t u r b i n e  
generator o f  g iven h e i g h t  and b lade diameter t o  heat a home. Papers 
and a r t i c l e s  based l a r g e l y  on computer program r e s u l t s  have geen gen- 
e ra ted  by NEWF p r o j e c t  personnel t o  j u s t i f y  cont inued e f f o r t s  i n  t h i s  
f i e l d .  It would be a d e f i n i t e  asset  t o  t h e  p r o j e c t  t o  be ab le  t o  
demonstrate t h a t  a NEWF machine i s  capable o f  developing some c e r t a i n  
ou tpu t  as opposed t o  suggest ing i t  can because o f  mathematical model ing 
r e s u l t s .  This was the  j u s t i f i c a t i o n  behind t h e  heat  waster system. 
The concept was t o  operate the  w indmi l l  a t  a l l  t imes and i ns tead  o f  
e l i m i n a t i n g  i t s  ou tpu t  when n o t  needed, t h e  excess power would be 
d i  ss i pated through a heat  exchanger t o  t h e  env i  ronment ., An economi ca l  
means o f  s e t t i n g  up such a heat  exchanger was n o t  found and so the  
heat waster was tempora r i l y  s e t  aside. 
Recornmenda t i ons 
The suggestions mentioned here a re  intended t o  simp1 i f y  and 
"c lean up" the  design o f  t he  a l t e r n a t i v e  hea t i ng  systems o f  So la r  
H a b i t a t  One, reduce the  cos t  o f  these systems, o r  t o  improve perform- 
ance. 
Ta.nk Man i fo ld  Systems. 1 1/4 i n .  copper mani fo lds are  p resen t l y  
used t o  draw water from storage tanks t o  t h e  water  baseboard and tank 
heater  loops. These manifolds a re  anchored t o  the  basement f l o o r  and 
draw water  f rom the  tanks by means o f  6 ft. h i g h  r i s e r  pipes. Inexpen- 
s i v e  brackets could be constructed which would be at tached t o  t h e  
4 ft. x 4 ill. s l o t  atop each tank. The brackets could be used t o  
hold the  111anifo1 ds four feet  above the f l o o r  as shown i n  Figure 31. 
This would e l iminate  the need fo r  80 ft. o f  1 1/4 i n .  copper tub ing 
and i t s  insu la t ion .  I t would provide be t t e r  access t o  the manifolds 
f o r  repai r s  on solder j o i n t s  and drain ing.  With jud ic ious c u t t i n g  
o f  the e x i s t i n g  r i se rs ,  a minimal amount o f  add i t i ona l  stock would 
be required t o  modify the present i n s t a l l a t i o n .  The manifolds, as 
t en ta t i ve l y  designed could be stacked adjacent t o  each other instead 
o f  having a gap between the pa i rs  caused by the d ra i n  manholes. 
Assuming the basement i s  kept a t  a reasonable temperature (about 70°F) 
dur ing the winter ,  the heat loss through the i nsu la t i on  w i l l  be less 
than i f  i t  were fastened t o  the 45OF concrete f l oo r .  
Apart from the funct iona l  advantages o f  ge t t i ng  the manifolds 
o f f  the f l o o r ,  there would be a s e l l  i n g  po in t  i n  no t  having such an 
i n t im ida t i ng  array of  standpipes confront ing prospective so la r  home 
owners. 
Tank Heater Bypass. A t  present the so la r  c o l l e c t i o n  system i s  
independent of a l l  others. It i s  suggested t h a t  there be a two way 
solenoid valve i n s t a l l e d  between the o u t l e t  o f  the heat exchanger 
(tank heater s ide) and the water baseboard i n l e t  manifold, I n  . t h i s  
way heated water could be passed from the storage tank d i r e c t l y  t o  
the 1 i v i n g  area when needed. This would i n  e f f e c t  simulate systems 
which take advantage o f  tank s t r a t i f i c a t i o n .  The higher temperature 
water c i r cu la ted  through the baseboard convectors would c u t  down on 
the pumping power required t o  heat the house by decreasing the amount 

of t ime the  pulnps must be operat ing.  
A u x i l i a r y  Heat ing System. The LP-Gas auxi  1  i a r y  system was 
o r i g i n a l l y  designed t o  operate w i t h  a  3 ft. crawl space under t h e  
main f l o o r  se rv ing  as a  plenum chamber. The a d d i t i o n  o f  t he  base- 
ment has somewhat complicated t h e  f l o w  ana lys is .  P re l im ina ry  c a l -  
c u l a t i o n s  show t h a t  an 84OF basement temperature i s  needed t o  keep 
the  main f l o o r  a t  70°F. This  g rad ien t  i s  necessary t o  p rov ide  a  
convect ion cu r ren t  s t rong  enough t o  f o r c e  a i r  up through t h e  per imeter  
s l o t s  between t h e  basement and main f l o o r .  I n  t h e  o r i g i n a l  system 
the  pressure induced i n  the  plenum chamber by the  furnace fan  pro- 
duced the  necessary a i r  f l ow .  
I f  m a l d i s t r i b u t i o n  becomes apparent, duc t i ng  i s  t h e  most ob- 
vious and cheapest shor t - te rm s o l u t i o n .  The presence o f  water  
baseboard convectors, however, suggests a  b e t t e r  a l t e r n a t i v e .  I n t e -  
g r a t i o n  o f  bo th  heat ing  methods (a1 t e r n a t i v e  and a u x i l i a r y )  i n t o  one 
del i v e r y  system would make f o r  a  much c leaner design. Also, t h i s  
would save t h e  c o s t  o f  a  second d e l i v e r y  system i n  any economic 
ana lys is  of t he  var ious hea t i ng  combinations avai  1  ab le  i n  So lar  Habi- 
t a t  One. It i s  r e i t e r a t e d  here t h a t  t h e  doub le- t ie red  water baseboard 
convectors were i n s t a l l e d  t o  compensate f o r  low l i n e  temperatures. A t  
normal heat ing  ranges (160-200°F) such as the  LP-Gas a u x i l i a r y  water 
heater  would prov ide  these are  heavy duty u n i t s  (see Table 1  ) . 
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A P P E N D I X  A 
SWITCHING LOGIC 
WIND FURNACE EXPERIMENT 
( R e v i s i o n  o f  R e f e r e n c e  14) 
SWITCHING ---- LOGIC, WIND FURNACE EXPERIMENT - -- -- - REVISION 2 .*-- 9-75 
SWITCHING LOGIC, Model 1-A: F igure  32 
1. Assume WIND TURBINE GENERATOR has WINDPOWER t o  d e l i v e r .  I f  TH-1 - < 68"F, 
LOAD SWITCH connects WINDPOWER t o  BASEBOARD ELECTRIC, s tepping 
through i t s  increments o f  i nc reas ing  l o a d  res is tance as commanded by 
t h e  PRIMARY CONTROL SIGNAL. 
2. I f  1-H-1 > 72"F, LOAD SWITCH disconnects BASEBOARD ELECTRIC from WIND- 
POWER, LOGIC c loses SW-1 sending the  comnand BLADE FEATHER and ZERO 
FIELD t o  WIND TURBINE GENERATOR. 
3. I f  TH-A < 6!j°F, TH-A w i l l  a c t i v a t e  e i t h e r  t he  L.P. Gas A u x i l i a r y  
Furnace o r  t he  Wood Burning Auxi 1 i a r y  Furnace t o  supply hea t i ng  
t o  HOUSE. The s e l e c t i ~ n  between the  a u x i l i a r y  furnaces w i l l  be 
made by manual s w i t c h i n g  between the  two furnaces. When TH-A r i s e s  
t o  above 68"F, furnace w i l l  shu t  down. 
4. The WINTER-SUMMER MANUAL SWITCH (SW-W/S) w i l l  pe rm i t  i s o l a t i o n  o f  
BASEBOARD ELECTRIC f rom LOAD SWITCH and cont inuous BLADE FEATHER 
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SWITCHING LOGIC, Model 1-B, With Dump Tank: Figure 23 
1. Assume WIND TURBINE GENERATOR has WINDPOWER t o  d e l i v e r ,  I f  
TH-1 - . 68"F, LOAD SWITCH connects BASEBOARD ELECTRIC, stepping 
through i t s  increments o f  increas ing load res is tance as cormanded 
by the PRIMARY CONTROL SIGNAL. 
2. I f  TH-1 > 7Z°F, and i f  TH-2 < 190°F, LOAD SWITCH connects WINDPOWER 
t o  DUMP TANK IMMERSION HEATERS. 
3. Whenever TH-1 > 7Z°F and TH-2 > 194OF, 
(a)  SW-1 i s  closed, thus sending a BLADE FEATHER and ZERO FIELD 
command t o  t h e  WIND TURBINE GENERATOR, o r  
(b)  SW-2 i s  closed, s t a r t i n g  the c i r c u l a t i n g  pump p-1 i n  the  HEAT 
WASTER SYSTEM. 
Note: This dual c a b a b i l i t y  i s  provided f o r  experimental pur- 
poses on ly .  Manual s e l e c t o r  switches w i l l  determine whether 
the  SW-1 o r  the  SW-2 mode i s  t o  be used. 
4. The LOGIC i n  the  LOAD SWITCH w i l l  moni tor  TH-1 and TH-2 c o n t i n u a l l y .  
When TH-2 drops t o  - < 190°F, SW-1 and SW-2 w i l l  be opened p e r m i t t i n g  
WTNDPOWER t o  again d e l i v e r  t o  LOAD SWITCH. LOGIC w i l l  ma in ta in  the  
connection between LOAD SWITCH AND DUMP TANK IMMERSION HEATERS u n t i l  
TH-1 - < 68°F. Whenever TH-1 - < 68OF LOAD SWITCH w i l l  s tep back t o  
connect WINDPOWER t o  BASEBOARD ELECTIRC, 
5. I f  a t  any t ime TH-A < 65"F, TH-A w i l l  a c t i v a t e  e i t h e r  L.P. GAS AUX, 
FURNACE o r  WOOD BURNING AUX. FURNACE t o  supply heat ing  t o  HOUSE, 
The s e l e c t i o n  between t h e  a u x i l i a r y  furnaces w i  11 be made by 
manual swi tch ing between the  two furnaces. When TH-A r i s e s  t o  
above 68"F, furnace w i l l  shut  down. 
6.  The WINTER-SUMMER MAiVUAL SWITCH (SW-W/S) w i  11 penii i  t i s o l a t i o n  
o f  BASEBOARD ELECTRIC fro111 LOAD SWITCH a t  those t i ~ l l e s  when 
hea t i ng  i s  n o t  des i red  i n  t h e  HOUSE. When SW-W/S i s  thrown t o  
SUMMER, t he  s i g n a l  f roni  TH-1 w i l l  be c u t - o f f  fro111 LOGIC a l so .  
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F i g u r e  33 - S w i t c h i n g  Log ic ,  Model 1  
w i t h  Dump Tank 
Liqu: 
A i r  
I.. .I 
SWITCHING LOGIC FOR WIND FURNACE EXPERIMENT Model 2 - With One 
Heat Source, 'Thermal Storage, and I n p u t  t o  Domestic Hot Water: F igure  34 
1. Assume WIND 'TLIRBINE GENERATOR has WINDPOWER t o  d e l i v e r .  I f  TH-2 < 190°F, 
LOAD SWITCH connects WINDPOWER t o  IMMERSION HEATERS, s tepp ing  through 
i t s  increments o f  i nc reas ing  l oad  res i s tance  as cornlanded by t h e  
PRIMARY CONTROL SIGNAL. I f  TH-2 - > 7Z°F, and TH-1 < 68"F, LOGIC 
a l s o  c loses SW-3, causing pump P-2 t o  c i r c u l a t e  water f rom THERMAL 
STORAGE t o  BASEBOARD CONVECTORS. 
2. I f  TH-2 reaches o r  exceeds 194"F, LOGIC c loses SW-1 corlmanding t h e  
WIND TURBINE GENERATOR t o  BLADE FEATHER and ZERO FIELD o r  c loses 
SW-2 a c t i v a t i n g  P-1 i n  t h e  HEAT WASTER SYSTEM. When TH-2 drops 
below 190°F, SW-1 o r  SW-2 i s  opened. 
3. I f  TH-A <65"F, TH-A a c t i v a t e s  e i t h e r  L.P. GAS AUX. FURNACE o r  
WOOD BURNING AUX. FURNACE t o  send hea t i ng  t o  HOUSE. Furnace w i l l  
shut  down whenever TH-A reaches 68°F. 
4. The WINTER-SUMMER MANUAL SWITCH (SW-W/S) w i l l  n o t  be used i n  the  
Model 2 because year-round Domestic Hot Water demand requ i res  t h a t  
THERMAL STORAGE be kept  up t o  190°F a l l  yea r  round. 'There w i l l  be 
a MANUAL OVERRIDE on SW-3 t h a t  w i l l  p revent  c i r c u l a t i n g  h o t  water  
i n t o  BASEBOARD CONVECTORS du r ing  t h e  summer. 

SWITCHING LOGIC FOR THE WIND FURNACE EXPERIMENT, Model 3-A - With Two 
Heat Sources, One Thermal Storage and Inpu t  t o  Domestic Hot Water: 
F igure 35 
1. Assume W I N D  TURBINE GENERATOR has WINDPOWER t o  d e l i v e r ,  I f  TH-2 190°F, 
LOAD SWITCH connects WINDPOWER t o  IMMERSION HEATERS, s tepp ing  
through i t s  increments o f  i nc reas ing  load res i s tance  as commanded 
by the  PRIMARY CONTROL SIGNAL. 
2. DT-1 c o n t i n u a l l y  moni tors t h e  d i f f e r e n c e  between o u t l e t  and i n l e t  
temperatures o f  FLAT-PLATE COLLECTOR. When t h i s  d i f f e r e n c e  i s  
> 20°F, DT-1 a c t i v a t e s  pump P-4, which has t h e  e f f e c t  o f  t r a n s f e r r i n g  
- 
energy from the  c o l l e c t o r  t o  THERMAL STORAGE. P-4 w i l l  s t a y  on 
u n t i l  (Tout-Tin) 5 3OF, a t  which t ime P-4 w i l l  shu t  down. 
3. I f  TH-1 < 68°F and TH-2 - > 7Z°F, LOGIC c loses  SW-3, causing pump 
P-2 t o  c i r c u l a t e  water from THERMAL STORAGE t o  BASEBOARD CONVECTORS. 
4. I f  TH-A 65"F, TH-A a c t i v a t e s  e i t h e r  L.P. GAS AUX. FURNACE o r  
WOOD BURNING AUX. FURNACE t o  send heat ing  t o  HOUSE. When TH-A > 
68"F, FURNACE w i l l  shu t  down. 
5. If TH-2 reaches 194"F, LOGIC c loses SW-1 causing the WIND TURBINE 
GENERATOR t o  BLADE FEATHER and ZERO FIELD o r  c loses SW-2, a c t i v a t i n g  
P-1 i n  the HEAT WASTER SYSTEM. When TH-2 drops below 190°F, SW-1 
and SW-2 a r e  opened. 
6. The WINTER-SUMMER SWITCH SW-W/S w i l l  n o t  be used i n  Model 3A due 
t o  year-round demand f o r  domestic h o t  water.  A manual o v e r r i d e  
on SW-3 w i l l  prevent  c i r c u l a t i n g  h o t  water i n t o  BASEBOARD CONVECTORS 
du r ing  t h e  summer. 
- - - -  
- - - Electric Power m i q u i d  
--- -Electric Signal -Air 
- . . A p a c e  Boundary 
Water Service 
F i g u r e  35 - S w i t c h i n g  Log ic ,  Model 3-A 
SWITCHING LOGIC FOR THE WIND FURNACE EXPERIMENT, Model 3-6 - With Two 
Thermal Storages and Inpu t  t o  Domestic Hot Water: F igure 36 
1. LOGIC has two d i f f e r e n t  sources o f  heat  a v a i l a b l e  t o  supply 
heat ing;  ( a )  water i n  Thermal Storage 2, whenever TH-2 2 - 72°F; 
(b )  water i n  Thermal Storage 1, whenever TH-4 2 - 72°F. LOGIC 
w i l l  moni tor  c o n t i n u a l l y  TH-1, TH-2, TH-4, WINDPOWER, and DT-1. 
2. Assume TH-1 drops below 68°F. LOGIC w i l l  f i r s t  check TH-4 t o  see 
if i t  i s  2 72°F. I f  so, LOGIC w i l l  cause SW-8 t o  c l o s e  va l ve  V-2, 
w i l l  cause SW-9 t o  open valve V-3, w i l l  cause SW-11 t o  c lose  valve 
V-4, w i l l  cause SW-10 t o  open valve V-5, and w i l l  cause SW-3 
t o  s t a r t  PUMP P-2. This sw i t ch ing  w i l l  r e s u l t  i n  t h e  c i r c u l a t i o n  
o f  water from THERMAL STORAGE 1 i n t o  BASEBOARD CONVECTORS. Water 
w i l l  cont inue t o  c i r c u l a t e  u n t i l  e i t h e r  TH-1 > 72°F o r  TH-4 < 72°F. 
3. I f  w h i l e  c i r c u l a t i n g  water from THERMAL STORAGE 1 i n t o  BASEBOARD 
CONVECTORS, TH-4 drops below 72"F, LOGIC w i l l  measure TH-2. I f  TH-2 
2 72"F, LOGIC w i l l  then cause SW-8 t o  open va lve  V-2, w i l l  cause 
SW-9 t o  c lose  valve V-5, and w i l l  cause SW-3 t o  cont inue 
PUMP P-2 i n  operat ion.  This  sw i t ch ing  w i l l  r e s u l t  i n  t h e  c i r c u l a t i o n  
o f  water from THERMAL STORAGE 2 i n t o  BASEBOARD CONVECTORS. Water 
w i l l  cont inue t o  c i r c u l a t e  u n t i l  e i t h e r  TH-1 > 72°F o r  TH-2 < 72°F. 
4. D i f f e r e n t i a l  Thermostat DT-1 w i l l  c o n t i n u a l l y  moni tor  t he  d i f f e r e n c e  
between co l  1 ec to r  i n l e t  and out1 e t  temperatures. Whenever t h i s  
d i f ference i s  2 20°F, DT-1 w i l l  a c t i v a t e  PUMP P-4, which has t h e  
e f fec t  of t a k i n g  energy f rom FLAT PLATE COLLECTOR and p u t t i n g  i t  
i 11 t o  TllCRMAL STORAGE 1 . When tell lperature d i  f fe rence i s  . 3°F. 
pu~ l~p w i l l  shut o f f .  
5. Whenever LOGIC measures both TH-2 and TH-4 as below 72°F and TH-A 
< 65"F, TH-A w i l l  a c t i v a t e  the  AUXILIARY FURNACE, causing i t  t o  
d e l i v e r  a u x i l i a r y  heat ing  t o  HOUSE. Manual sw i tch ing  w i l l  have 
determined whether t he  L.P. GAS AUX. FURNACE o r  t h e  WOOD BURNING 
AUX. FURNACE i s  t o  c a r r y  the  a u x i l  i a r y  load. When TH-A reaches 
62°F a u x i l i a r y  heat ing  w i l l  shut  down. 
6. When TH-2 2 - TSMAX (200°F) and 'TH-4 < 180°F, LOGIC w i l l  cause SW-5 
t o  open va lve  V-1, and w i l l  cause SW-7 t o  a c t i v a t e  FUMP P-3, thus 
e f f e c t i v e l y  mix ing  t h e  contents o f  THERMAL STORAGE 1 and THERMAL 
STORAGE 2. LOGIC 2 w i l l  keep PUMP P-3 on l i n e  u n t i l  TH-2 has 
dropped t o  190°F o r  TH-4 reaches TSmax, a t  which t ime  PUMP P-3 w i l l  
be taken o f f  t he  l i n e .  
7. Whenever LOGIC measures both 'TH-2 and TH-4 as > TSmax, LOGIC w i l l  
cause SW-1 t o  c lose,  commanding the  WIND TURBINE GENERATOR t o  BLADE 
FEATHER and ZERO FIELD, w i l l  cause SW-2 t o  c lose,  thus a c t i v a t i n g  
PUMP P-1, sending heat o u t  o f  THERMAL STORAGE 1 i n t o  the  HEAT 
WASTER, w i l l  cause SW-5 t o  open va lve  V-1 and w i l l  cause SW-7 
t o  a c t i v a t e  PUMP P-3. The n e t  e f f e c t  o f  t h i s  sw i t ch ing  w i l l  be 
the  mix ing  of contents o f  THERMAL STORAGE 1 and THERMAL STORAGE 2, 
p lus  wast ing o f  t h e i r  heat i n  excess o f  190°F. 
8. The WINTER-SUMMER SWITCH, Switch SW-W/S w i l l  be operated manually 
t o  prevent  any pumping o f  heat ing  water i n t o  HOUSE and t o  prevent  
any c o n t r o l  i n p u t  from TH-1 i n t o  LOGIC du r ing  per iods when heat ing  i s  
not  wanted. Dur ing such per iods,  both WINDPOWER and FLAT PLATE 
COLLECTOR w i l l  s t i l l  be a v a i l a b l e  t o  keep the  THERMAL STORAGES 
heated t o  supply Domestic Hot Water. 

SWlTCIITN(; L O G I C  FOR THC WIND FURNACE i.XI'CI<IMCNT, Model 4 -A  - Wind, 
Mechanical Churn and Storage: F igure 37 
1. Assuliie t h a t  t he  WIND TURBINE GENERATOR has WINDPOWER ava i l ab le .  I f  
TH-2 < 190°F, LOGIC w i l l  keep switches SW-1 and SW-5 open and w i l l  
permi t  CHURN t o  add heat t o  THERMAL STORAGE 1. 
2. I f  TH-1 < 68°F and TH-2 > 7Z°F, LOGIC w i l l  cause SW-3 t o  c lose and 
PUMP P-2 w i l l  d e l i v e r  warm water from THERMAL STORAGE 1 t o  BASE- 
BOARD CONVECTORS. When TH-1 reaches 72°F o r  should TH-2 drop below 
7Z°F, LOGIC w i l l  d isconnect PUMP P-2. 
3. I f  TH-1 = 68°F and TH-2 > 194°F. LOGIC w i  11 cause SW-1 t o  c lose 
commanding WIND TURBINE GENERATOR t o  BLADE FEATHER and ZERO FIELD, 
and w i l l  a l s o  cause SW-5 t o  c lose which w i l l  operate BRAKE. 
4. I f  TH-2 s t i l l  r i s e s ,  LOGIC w i l l  cause SW-2 t o  close, thus a c t i v a t i n g  
PUMP P-1 u n t i l  TH-2 < 190°F. 
5. The WINTER-SUMMER SWITCH f o r  t h i s  model i s  a MANUAL OVERRIDE on 
SW-3 which enables t h e  operator  prevent d e l i v e r y  o f  heat ing  t o  
BASEBOARD CONVECTORS when so desired. 

SWITCHING LOGIC FOR THE WIND FURNACE EXPERIMENT, Model 4-8, Wind 
Mechanical Churn, F l a t  P l a t e  C o l l e c t o r  and Two Storages: F igure  38 
1. Assume t h a t  the WIND TURBINE GENERATOR has WINDPOWER ava i l ab le .  
I f  TH-2 < 190°F, LOGIC w i l l  keep switches SW-1 and SW-12 open and 
w i l l  permi t  churn t o  add heat  t o  THERMAL STORAGE 2. 
2. I f  TH-1 < 68OF and TH-4 7Z°F, LOGIC w i l l  cause SW-2 t o  c lose  
and PUMP P-2 w i l l  de l  i v e r  warm water from THERMAL STORAGE 1 t o  
BASEBOARD CCINVECTORS. Wnen TH-1 reaches 72"F, o r  should TH-4 
drop below 7Z°F, LOGIC w i l l  d isconnect PUMP P-2. 
3. I f  TH-1 = 68°F and TH-2 > 190°F and TH-4 < 190°F, LOGIC w i l l  cause 
SW-7 t o  open valve V-1 and SW-5 t o  a c t i v a t e  PUMP P-3, thus 
causing the  mix ing  o f  contents o f  THERMAL STORAGE 1 and THERMAL 
STORAGE 2. Once s t a r t e d ,  t h i s  w i l l  be cont inued u n t i l  e i t h e r  
TH-2 has dropped t o  190°F o r  TH-4 has r i s e n  t o  194°F. I f  both 
TH-2 and TH-4 reach 194"F, LOGIC w i l l  open SW-5, s topping P-3, 
and w i l l  cause SW-2 t o  a c t i v a t e  PUMP P-1. LOGIC w i l l  then a l l ow  
the  HEAT WASTER system t o  operate u n t i l  TH-2 has dropped below 190°F. 
4. DT-1 w i l l  rnoni t o r  temperature d i f f e r e n c e  across co l  1 ec tor .  When 
DT-1 exceeds TH-4, LOGIC w i l l  a c t i v a t e  PUMP P-4, which w i l l  move 
heat from FLAT PLATE COLLECTOR i n t o  THERMAL SOTRAGE 1. When 
t h i s  d i f f e r e n c e  i s  < 3"F, P-4 w i l l  shut  down. 
5. If a t  any t ime TH-A < 65°F and both TH-2 and TH-4 < 72"F, TH-A w i l l  
a c t i v a t e  t h e  AUXILIARY FURNACE. Manual sw i t ch ing  w i l l  determine 
whether the  L.P. GAS AUX. FURNACE o r  t he  WOOD BURNING AUX. FURNACE 
i s  t o  operate. Furnace w i l l  operate u n t i l  TH-A reaches 68"F, a t  
which t ime i t  w i l l  stop. 
6. I f  TH-1 has n o t  y e t  reached 72°F and TH-4 drops below 72'F and 
TH-2 i s  s t i l l  above 7Z°F, LOGIC w i l l  cause SW-8 t o  open va l ve  
V-2, w i l l  cause SW-9 t o  c l o s e  va l ve  V-3, w i l l  cause SW-11 t o  
open va l ve  V-4 and w i l l  cause SW-10 t o  c l o s e  va l ve  V-5, Pump P-2 
w i l l  then pump u n t i l  TH-1 = 72°F o r  TH-2 drops below 72°F. If 
t h e  l a t t e r  occurs,  LOGIC w i l l  open SW-3, SW-8, SW-9, SW-11 and 
SW-10 and mon i t o r  TH-1, TH-2 and TH-4. If TH-1 reaches 65°F be- 
f o re  e i t h e r  TH-2 o r  TH-4 r i s e  above l l ° F ,  then  s t e p  5 w i l l  be 
c a r r i e d  o u t  by LOGIC. 
SWITCHING LOGIC FOR THE WIND FURNACE EXPERIMEfCT Model 4-C - Wind 
Mechanical Churn, F l a t  P la te  C o l l e c t o r  and One S l ~ r a g e :  F igure  39 
1. Assume t h a t  the  WIND TURBINE GENERATOR has WINDPOWER ava i l ab le .  
I f  TH-2 < 190°F, LOGIC w i l l  keep switches SW-1 and SW-12 open and 
w i l l  permi t  CHURN t o  add heat  t o  THERMAL STORAGE. 
2. DT-1 cont inua l  l y  moni tors telrlperature d i f f e r e n c e  across FLAT- 
PLATE COLLECTOR. When t h i s  d i f f e r e n c e  i s  20°F, DT-1 a c t i v a t e s  
PUMP P-4, which t r a n s f e r s  energy from the  c o l l e c t o r  t o  THERMAL 
STORAGE. P-4 w i  11 s tay  on u n t i l  ( T o u Z ~ .  ) "OF, a t  which t ime i n  - 
P-4 w i l l  shut  down. 
3 .  I f  TH-1 < 68OF and TH-2 - > 72OF, LOGIC c loses SW-3, causing pump 
P-2 t o  c i r c u l a t e  water from THERMAL STORAGE t o  BASEBOARD CONVECTORS? 
4. I f  TH-A < 65'F, TH-A a c t i v a t e s  e i t h e r  L.P. GAS AUX. FURNACE o r  WOOD 
BURNING AUX. FURNACE t o  send heat ing  t o  HOUSE. When TH-A > 68OF, 
FURNACE w i l l  shut  down. 
5. I f  TH-2 reaches 194OF, LOGIC w i l l :  
(a)  Close SW-1 and SW-12, comnanding WIND TURBINE GENERATOR t o  BLADE 
FEATHER and ZERO FIELD and a c t i v a t i n g  BRAKE o r ,  
(b )  c lose  SW-2, a c t i v a t i n g  PUMP P-1 i n  the  HEAT WASTER SYSTEM. 
When TH-2 drops t o  190°F, SW-1, SW-2 and SW-12 w i l l  be opened. 
6. The WINTER-SUMMER SWITCH f o r  t k ' s  model i s  a MANUAL OVERRIDE on 
SW-3 which cu ts  o u t  water c i r c u l a t i o n  t o  BASEBOAW "3NVECTORS. 
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F i g u r e  39 - S w i t c h i n g  Log ic ,  Model 4-C 
Baseboard 
Wood Fuel 
. . . . 
- - - E l e c t r i c P o w e r  W ~ l ~ u i c  
---- Electric Signal  A i r  
. . - Space Boundary 
A r I' I: N 11 r x Ir 
Sullll~~ary o f  the  lii 11 o f  Ma te r i a l  
This summary l i s t s  t he  cos t  o f  each heat ing  system i n  So la r  
H a b i t a t  One f o r  which the  04 group was who l ly  o r  p a r t l y  responsib le.  
The normal cos t  o f  i n s t a l l a t i o n  o f  any o f  these systems would 
probably be much l e s s  than the f i g u r e s  shown, e s p e c i a l l y  i n  arrange- 
ments us ing  storage. This  i s  because So la r  H a b i t a t  One, being an 
engineer ing l abo ra to ry  b u i l d i n g ,  has b u i l t - i n  f l e x i b i l i t y  i n  most o f  
i t s  heat ing  arrangement and i s  h e a v i l y  equipped w i t h  ins t rumenta t ion .  
A normal s o l a r  and windpower heat ing  system, f o r  example, would n o t  
r e q u i r e  several  s torage tanks o r  t h e  c a p a b i l i t y  t o  vary f l owra tes  over 
subs tan t i a l  ranges. 
I n  cases where sub-system components a re  n o t  y e t  i n s t a l l e d  o r  
where items were obta ined f r e e  f rom the  U n i v e r s i t y ,  an es t imate  
( e s t .  ) o f  t he  p r i c e  o f  m a t e r i a l s  i s  given. 
Subsys te~ l~ :  E 1 c c t . t . i ~  Lhsebo;~rd Convuctors 
10 f o o t  e l e c t r i c  9 




1000 f t  ( e s t . )  
Subsysten: S o l a r  Col l e c t o r  System 
So la r  co  l e c t o r s  3 10 (19.6 f t  each) 
Sol a r  c o l  l e c t o r  
PunlP 
Tank hea te r  pump 1 
She l l - t ube  heat  
exchanger 
E x p ~ n s i o n  tank 1 
Water f i l t e r  1 
Propylene g l y c o l  25 ga l  
a n t i f r e e z e  
Gate, globe, purge, 2 9 
and check va lves  
Copper t u b i n g  618 f t  
( 1  1/4 i n  nom., 3/4 i n  
nom., 3 /4  i n  0. D. ) 
Solder  t ees  and e l  bows 164 ( 1  1 / 4  i n  norn., 3/4 i n  
nom. ) 
Tubing i n s u l a t i o n  458 f t  
( 3 / 4  i n  d i a . ,  1 1/4 i n  
nom. ) 
- 50.00 ( e s t . )  




271.68 ( e s t .  ) 
Other  f i t t i n g  and 136 
adap tet's 
30.00 ( e s t . )  Fasteners and hangers 8 5 
Solder ,  f l u x ,  e t c .  - 34,.25 
To ta l  3,091.88 
Subsystem: E l e c t r i c  Immersion Heaters 
Heater e l  ernent 
( 4  kW) 
Heater e l  ellien t 
(1.65 kW) 
1114 i n  ga lvan ized  
p i p e  
37 f t .  
56.87 
23.00 ( e s t . )  
1114 i n  f i t t i n g  
Gaskets, epoxy, 
t e f l o n  tape 
32.00 ( e s t .  ) 
--
T o t a l  238.87 
M i  sce l  laneous 
Subsystem: Water Baseboard Convectors 
Quant i ty  
50 ft. 
Cost ($ )  
160.00 Water baseboard 
convectors  
( doub le - t i e red )  
C i r c u l a t o r  pumps 
Tank m i x i n g  pump 
Gate, globe, check, 
and ba lanc ing  va lves  
Copper t u b i n g  
(1  114 i n  nom., 
314 i n  nom.) 
Solder tees  and 88  
e l  bows (1 114 i n  nom. , 
314 i n  noni. ) 
Tubing i n s u l a t i o n  524 ft. 
(1 114 i n  nom., 
314 i n  nom.) 




Solder ,  f l u x ,  e t c .  
Subsys teni: F l o a t  Val ve Loop 
C g o n e n t  
- P
Quant i t y  
1/ 4  i n  F l o a t  va 1  ves 5  
Globe and ga te  
va lves (314 i n )  
Copper t u b i n  
(314 i n  nom. 3 
Solder  tees  and 7 
elbows (314 i n  nom.) 
Other f i t t i n g s  
and adapters  
Fasteners and hangers 13 
Solder ,  f l u x ,  e t c .  
34.65 ( e s t . )  
43.08 ( e s t .  ) 
T o t a l  1 , 3 0 8 . 4 1  
c o s t  (8) 
-
154.00 
33.50 ( e s t . )  
3.00 ( e s t . )  
T o t a l  243.58 
Subsys tc111: Ho t Water Preheat Loop 
Coilyonen t 
-- . Q u a n t i t y  - . - - - - -- Cost -- - ($1  - - -
Heater c o i l  1 50-75.00 ( e s t  . ) 
Valves (314 i n )  2 13.40 ( e s t . )  
Tubing (314 i n  nom. ) 120 ft. 49.80 ( e s t . )  
Tees and e l  bows 12 18.12 ( e s t . )  
Tubing i n s u l a t i o n  
(314 i n  nom.) 
30 ft. 7.25 ( e s t . )  
To ta l  138.57-163.57 
Ins t rumenta t ion  
Component Quan t i ty Source Cost ( $ )  
Data a c q u i s i t i o n  
sys tell1 
D i f f e r e n t i a l  
thermostat  




1000.00 (es t .  ) 
- 320.00 ( e s t  . ) 
10,504.00 
